पुराना तस्बिरहरूको सँगालो (अन्तिम भाग) 
मिलाउन बाँकी तस्बिर 
सङ्कलन : मोहन प्रसाद्‌ सापकोटा 
तस्बिर NN: १४६७ 


e 3. Selected Settlements 
and Sacred Sites of Nepal Mandala 


1 Candesvari 
Jalasayana Narayana 
Candra-vináyaka / Dharmadeva stupa 
Pasupatinatha /Guhyesvari 
Bodhnatha 
Mahadeva 
Sundarijal-mäi 
Kägesvara Mahädeva 
9 Manicuthan 
10 Vajrayogini/Gum-vihära 
11 Changu Näräyana 
12 Nilavärähi 
13 Sürya-vinäyaka 
14 Anantalingesvara 
15 Daksinavärähi 
16 Bälıkaumäri 
17 Kotesvara Mahadeva 
18 Mahälaksmi 
19 Harasiddhi 
20 Santancivara Mahadeva 
21 Visänkhu Narayana 
22 Godavari Kund 
23 Pulchoki-mài 
24 Tikabhairava /Sarasvati Kund 
25 ۲ 
20 Rato Matsyendranätha 
27 Kärya-vinäyaka 
28 ۲ 
29 Sekh Narayana 
30 Vajrayogini 
31 Gorakhanátha 
१2 Daksinakäli 
33 Jala-vinäyaka 
34 Ädinätha Lokesvara 
35 Vyägesvara (Bagh Bhairab) 
36 Macche Näräyana 
37 Matatirtha 
१४ Mahälaksmi 
39 Svayambhünátha 
30 Bhagavati /Bhairava 
۱ 31 Näräyana 
| » 42 Jalasayana Náráyana (Harihara) /Ajimá 
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ओ, खिचिएको मिति-वि.सं.२००९ 


अँडिर, मर्स्याग्दी किनार, नेपाल, तस्बिर खिच्ने-जे.नाका 


= -्तक, सम्पादक: एच.किहारा, सङ्कलन : मोहनप्र.सापकोटा 


खेतीका लागि भइरहेको जंगल फडानी, थांग्जा (?), नेपाल, तस्बिर खिच्ने-जे.काबाकिता, खिचिएको मिति-वबि.सं. २००९ 


4, Greater Kathmandu with Selected Sites 


1 Jalasayana Näräyana 
(Harihara) /Ajima 

2 Mhaipi-ajimä 

3 Sobhä Bhagavati 

4 Vidyälvari 

5 Indrani pisha 

6 Kafikeivari pitha 

7 Tham-bahil ( Vikramafila- 
vihára) 

8 Narayana 

9 Narayan Hiti 
Sarasvati /Sakhona 


۱۱ Bhätbhatini 

12 Tupal devi pitha 

13 Bhagavati 

14 Bhagwan-bahal 

15 Char Dhunge 

16 Nandikesvara 

17 Jüänesvara /Bhairava 
18 Maiti-devi (Kaumäri) 
19 Kamaladi Ganeía 
20 Jamala-vihára 

21 Rani Pokhari 

22 Mahäkäla 


23 Gana-bahal di 

24 Bhadrakali pitha 

25 Kälamocana 

26 Tripureivara 

27 Pacali Bhairava pf 
28 Laksmesvara 

29 Tekhu-dobhan-bahal / 


canadı 
30 Macali-ajimá / Navadui 
31 Tankesvari 
32 Khusi-bahal 


a Collection of Mohan Prasad Sapkota 


Meer and Lalita Ghats and the Nepalee's Temple , Banaras 
Source : British Laibrary, Photographer: Bromochary, Brajo Gopal, Date: 1869) 


<5 Collection of Mohan Prasad Sapkota 
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Almodha 
(Source : British Laibrary, Artist: Hearsey, Hyder Young, Date: 1815) 
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Himalayas with Dhaulagiri, A tent in the left (Source : British Library, Artist: Forrest, Charles Ramus, Date: 1809) 
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सगरमाथा (वि.सं. १५४५) 


Photographer & © : Alfred Gregory, Collector : Mohan Prasad Sapkota 
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Climbing Everest. Image from the collection of fhountaineer S on A! 
by Sir Edmund Hillary and Tenzing Norgay in 1953 
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भरियाहरूको पहाडी यात्रा, वि.सं.२०१६ 
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Betty von Furer-Haimendorf on Gokyo ri, Sagarmatha Zone 
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सगरमाथामा भइरहेको सूर्यास्त (खिचिएको साल वि.सं.२००७) 
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सगरमाथा (दाहिनेतिर), सोलुखुम्बु (वि.सं. २००७ असौज-कार्त्तिक) 
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बारबेयर अंज्याङ्ग, पश्चिम नेपाल 
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Nepalese Temple in Banaras, India 
Source : British Laibrary, P : Rust, Thomas A., Date: 1870 
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Mar 5. Hadigaon and Vicinity 


| Tunal-devi pitha 

2 Siva and Pärvati 

3 Päncadhärä 

4 Ganesa 

5 Tantali-ajimá 

6 Krsna 

7 Bhimasena 

8 Bhätbhatini 

9 Sarasvati /Sakhona 
10 Jayadeva inscription 


11 Tangal Ganesa 

12 Archaeological excavations 
13 Mán[esvara]-mánesvari 

14 Naksal Bhagavati 

15 Ajimä 

16 Kärttikeya 

17 Licchavi Silápatra? 

18 Tunäl-devi dyochem 

19 Amsuvarman's inscriptions 
20 Sarasvati 


21 Siva 

22 Gaihridhärä 

23 Garudadhvaja 

24 Satya Näräyana 

25 Nepälesvara 

26 Mätrkä shrine ruin 

27 Maiti-devi dyochem 

28 Caturmukha Visnu 

29 ۵ 

30 jñancšvara/Unmatta 
Bhairava 
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Mar 7. Old Kathmandu 


Key to the vihäras, with names of the chief eighteen vihäras capitalized (Sanskrit or Sanskritized name in 


parenthesis) 


1 Tham-bahil ( Vikramatila-vihára) 
2 KVA-BAHAL (MAITRIPURA) 
3 Musya-bahal (Karunäpura) 
4 Chusya-bahal (Gunäkara) 
5 Jamala-, Jamo-bahal (Dharmacakra) 
6 Jyoti-bahal (Triratnaketu) 
7 JHVA-BAHAL (RATNACAITYA, RATNA- 
KETU) 
8 — (Dharmakirti) 
9 Sighah-, Srighata-, Kumbha-, Käthesimbhü 
(Santighata, Srighata) 
10 Nagah-bahal (Ratnamandala) 
11 GAM-BAHAL (HEMAVARNA) 
12 DHVAKA-BAHAL (HENAKARA) 
13 Nhu-bahal (Ratnaketu) 
14 Ca-, Ci-bahal (Karnaketu) 
15 In-bahal (—) 
16 Dhalasiko, Dhalache-bahal (Gautamasri) 
17 Haku-bahal (Harsacaitya) 
18 Kothu-bahal ( A&okavrksa) 
19 TAKSA-, TAHCHE-BAHAL (SURATASRI) 
20 Dau-bahal (Rangabhuvana) 
21 Asan-bahal (Asokacaitya) 
22 Ima-bahal (Nimanaka) 
23 Mahabu-bahal (Mahäbauddha) 
24 JANA-, MACCHENDRANATH-BAHAL 
(KANAKACAITYA) 
25 Mukum-bahil (new site) (Muktipura) 
26 Mukum-bahil (original site) (Muktipura) 
27 Tamugal ( Dharmacitta) 
28 Tamul (Ratnakara) 
29 YATKHA-BAHAL (BHASKARAKIRTI west of 
stupa, BODHIPRANIDI south of stupa) 
30 Alakhu-bahil (Italasukrta-, Bodhipratinidhi) 
31 ITUM-BAHAL (KESCANDRA-SAMSKARITA) 
32 MAKHAM-BAHAL (RATNAKIRTI) 
33 Makham-bahil (Rájakrta) 
34 Tunche-bahal (Tutasrama-, Dharmakirti) 
35 MU-BAHAL (MULASRI) 
36 Otu-bahal (Jirnopärädharmacakra) 
37 Pimche-bahal (Jambünanadavana) 
38 Cidha-. Ciram-bahal (Jinauddhara-, Dharmacakra) 
39 TADHA-, TARAM-BAHAL (DHARMA- 
CAKRADARSANA) 
40 一 (一 ) 
41 Saval-bahal (Mantrisiddha) 
42 SAVAL-BAHAL (SURATHAKRTA., 
SASVATA) 
43 Pyukhä-bahal (Dharmacakra) 
44 Dugam-bahil (Sadasri) 
45 TE-BAHAL (PRACANDAVIRA-, RAJA- 
KIRTI-, BANDHUDATTA) 


46 Maru-bahil ( Dharmacakra-, Dharmaíri) 

47 Layku-bahil (Srinaka-, Räjakula) 

38 Chvasapakka ( Krsnagupta) 

49 SIKHAMU-BAHAL (TARUMOLA) 

50 Kumäri-bahal (Räjakrta-, Räjalaksmikula) 

51 Vasantapura-bahal (Mesasumantra) 

52 Jhoche-bahal (Vasundharäkrta) 

53 Punche-bahal (Bhuvanadeva) 

54 — (Ratnapura) 

55 Vikama-bahal (Mañjusrinaka) 

56 — (Mañjuírinaka) 

57 Duake-, Tahakya-bahal (Amptakänti) 

58 Nhuci-bahal (—) 

59 Vatu-bahal (—) 

60 Gacanani-bahal (Buddhakanthi) 

61 Balapuche-bahal (Brahmapura) 

62 Om-bahal ( Brahmacakra) 

63 Nah-bahil (Udyotakirti) 

(3 Gana-bahal (Gaganasamgha) 

65 Khusi-bahil (Nadisamgha) 

66 Nhu-bahal (Jñanenidriya) 

67 Thaha-bahal (Thänthänaka) 

68 Bho-bahal (Vajradhatucaitya) 

69 So-bahal (Dharmantaíri-, Dharmakara) 

70 Yo-bahal (Nadisamgharäjakrta) 

71 Kohiti-bahal (Kirtipuñya) 

72. Kila-bahal (—) 

73 Mañjuíri-bahal (—) 

74 MIKHA-BAHAL ( MUNISAMGHA., 
MUNISIMHA) 

75 Jya-bahal (Nägacanda-, Suvarnaprani-jetavana) 

76 IKU-BAHAL (VAJRASILA) 

77 Nhugah-bahal ( Maitrikara-, Maitrisudhära) 

78 Tamu-bahal ( Ratnakara) 

79 Tukan-bahal (Ratnakara) 

80 Khalache-. Khache-bahal (—) 

81 Lagan-bahal (—) 

82 LAGAN-BAHAL (KIRTIPUNYA) 

83 Tawa-bahal (Kirtipunya-vajradhatu) 

84 Nhayakan-bahil (Kirtipunya-, Krtapura) 

85 Cvakan-bahil (Kirtipunya) 

86 Kvasa-bahal ( Ratnakara) 

87 Tahnani-bahal (Krtapufyavajra- Dharmacakra 

88 MUSUN-BAHAL (MANISIMHA-, MANI- 
SAMGHA) 

89 Na-bahal (Siddhibära-, Kirtipürna) 

90 Yata-bahal (Krtipunyabhuvana) 

9] Buddhabari (—) 

92 Saval-bahal (—) 

93 Bhote-bahal (—) 
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Mar 8. Patan 
Key to the vrhäres, with the names of the chief eighteen viháras capitalized, and key to the mathas (Sanskrit or 


Sanskritized name in parenthesis) 


5 Mu, Pim-bahal ( Mülasri) 

6 Cukha-bahal (— ) 

7 Mikha-bahal (Supreksana) 

8 Yethakha-bahal (Flemápuri) 

9 Hakhachem-bahal (Survarna) 

10 Duntu-bahil (Govedharnamisra-samskárita ) 


Viháras 
1 Pucha- (upper), Pulchok-bahil (Siläpuradänä- 
giri-vihära) 
2 Kvatha- (lower), Pulchok-bahil ( Rachesvari ) 
3 Chaya-, Chaca-bahal (一 ) 
4 Chaya-cidhangu-, Chvaca-bahal (—) 


| The Plateau Area above 3000 f is shown by a ruling of fine black dots thus Ü ` 


1909. J. G. Bartholomew. Oxford University Press. Annotated: Fowler&fowler. 
Imperial Gazetteer Atlas of India wikipedia: History of Pakistan Article. 
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Ead Collection of Mohan Prasad Sapkota 


"Pheri", Unknown place (Photographer : Bill Hanson,1965) 
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2. Taken from just below the main pass separating Bar-rong (Barbung) from Tarap. View e 
towards the upper Bar-rong valley and the great massif, north-east of Dhaulagiri separatin, 
from the Kali Gandaki. Pasang Khambache in the foreground. 
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3. Bridge across the Bar-rong (Barbung) River at Trhim-nyer. 


4. The village of Tsharka. 


5. Breaking camp in the upper Bar-rong (Barbung) valley. 
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Descending the other side of the main pass from Bar-rong (Barbung) to Tarap. View north-westward 
'owards the great watershed (the head of the horseshoe—see p. 4) which separates inner Dolpo 
from Tarap. 


8. Sonam Panden and the author on the pass between Tarap and Nang-khong (December Iç 


9. The Nang-khong Valley. View southwards from above Saldang (June 1961). 


72 


7 


EJ" 


Ys l. wa. 


z T y ۳ 


1९, 


kede 


"iss te 

axe `, موب‎ las $ 

— "ed 9 
4 


Water-supply for men and animals from the frozen river at the ‘Residence of Great Happiness’ 
(January 1961). 


12, Our host, the Lama of the ‘Residence of Great Happiness’ with Pa 
Khambache. 


13. Our second Sherpa assistant Pasang at Nyisal. 


15. Nyisal Village on its ‘alp’ overhanging the gorge (below Ban-tshang). 
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16. Reciting the liturgy at Yang-tsher (January 1961). The Abbot is on the extreme right, and x 
to him is Pasang Khambhache. 


17. Images and torma (sacrificial cakes) on the altar at Yang-tsher. 
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18a. The ransom-offering in the form of an effigy x ç ۱ 4 ॥ 
of a yak, moulded of tsamba and butter. 


20. Two religious brethren of Tarap. 


19a. Women (wearing home-spun blankets) and men dancing in the courtyard of Yang 
Monastery. 


796. Masked dancers. 
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22. Norbu and the second Pasang by the ‘tomb’ of our horse Tshering in the lower Nang-kho 


Nomad refugees from the north (Byang-thang) encamped outside the “Residence of Great Happiness 
(January 1961). 


24. View of Hrap Monastery high up the gorge opposite Tsa ( June 1961) 


25. The mummified corpse of the Precious Lama of Shang in Tr’a-gyam 
Monastery at Namgung. (See p. 65.) 


26. Image of “Religious Protector Glorious and Good’, made soon after his death. 
(See p. 180.) 


27. Women of Nyisal, replaiting hair after a monthly wash. 


28. The young niece of the Lama of the “Residence of Great Happiness, 


20. The scribe, Tshe-ring 
Ta-shi. (See p. 70.) 


30. Washing a length of newly woven home-spun. 


31. Nomad women with children and a nun (centre). 
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32. Nyi-ma Tshe-ring, chief man of Dolpo until his death in 1963 
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Images at. Yang-tsher Monastery. Central seated figure is Shakyamuni with 
‘Powerbolt-in-Hand’ on his left and ‘Lotus-in-Hand’ on his right. 


34. Temple-banner of the Buddha ‘Boundless Light’. 
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35. ‘Lotus-born’. 


d Goddess’ 


‘Lotus-born’ above him and the ‘Lion-heade 


36. ‘Red Fury’ with 


below. 


37. Eleven-headed ‘Glancing Eye’. 


38. The “One Mother’. 


i9. Lama ‘Merit Intellect.’ 


40. Lama “Religious Protector Glorious and Good’. 
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41. Detail of plate 40: 
a. Concentrating upon the Five Buddhas, ‘Lotus-born’ in his paradise, and the 
Defender Ràhu. 
b. Cremation of Lama 'Religious Protector’ at Yang-tsher ( p. 178). 
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42. Lama ‘Glorious Intellect’. 
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43. Detail of Plate 42: 


a. Receiving instruction from the Lama of the ‘Mount of Realization’, and manifest as 
* Powerbolt- Terror! as he quelle the local god Bya-’bag (p. 194). 

b. Meditating upon Hevajra (p. 195). 

c. Receiving the Nai-gu teachings from Lama 'Bum-ram-pa (p. 191). 

d. Meditating upon the Buddha ‘Boundless Life’ and quelling the local god of the 
Reng Lake (p. 192). 


44. Lama ‘Lord of Merit’. 
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45. Detail of Plate 44: 


a. Being received as Abbot of Yang-tsher, and giving instruction to the monks inside th 
monastery (p. 261). 
b. Returning home to Dolpo, where he is greeted by his mother, and inviting the Prelate *Necta 
Spontaneously Produced' (p .256). 
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= of Nepal by Dor Bahadur Bista, Book published date: 1967 AD, 
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"People of Nepal" by Dor Bahadur Bista, Book published date : 1967 AD, Collected by Mohan Prasad Sapkota 
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Dangartse Mustang Thorungtse Deriatse Thint Nup La 


ne“ 


دنم 


Kali Gandaki Gorge Dhaulagiri 


Dhaulagiri Tukuchatse Kali Gandaki Nilgiri Annapurna | 
2172 m 6915 m 6728 m 8078 m 


Phot 4. The Kah Gandaki Gorge 
The ancient trail is cut into the 
xnemses above Ghasa It was a 
safe route even during th: mon- 
soon, until in 1954, when a tock 
slide destroyed part ot ار‎ It 
has never been repaired. since 
then Consequently the river has 
to be crossed twice on the detour 
on two hazardous makeshift 
bridge devices. During exceptio- 
nal heavy rains the gorge is totally 
inaceessable. 


However. the Phakkhola valley consists of (७७ phy siographically and also otherwise distinct paris. 
the respective boundary lying at Chele. The Nepalese people call the whole valley. from the Main 
Himalaya Range right up to the main watershed Thakkhola. though this name should in a strict 
sense be applied only to the southern part. where the Nepalese word "Khola” is used. and where the 
tribe of the Thakkhalis is living. In this publication. as common in Nepal, the name "Thakkhola” is 
applied to the whole valley. right up to Mustang. 


1.3 Manang 


Dillerent from the Thakkhola valley, the Manang valley is alined with the geological strike, and 
thus a longitudinal valley extending Irom northwest to southeast. It forms a natural compartment. 
with the Annapurna range as southern barrier. the Muktinath and Damodar Himal bordering in the 


towards the Thorung pass. that the snow limit gradually raised with me from 4000 m at Manang to 
5000 m on Thorung La. and at the same time also the snow cover above the snow limit became more 
und more thin. 

It is evident, that precipitation has greater influence on glaciation of the Himalayas than the 
temperature. Also the exposure to sunshine appears to affect the glaciation more than the real air 
temperature. The area north of the main range gets much more exposure to sunshine than the southern 
flank. though the air temperature is much lower. A look at the map of the drainage pattern and glaciation 
(fig. 7) shows that all the big glaciers are situated on the southern flank of the main range. In zones, 
where the main range is interrupted by deep transverse valleys we find the big glaciers at the southern 
flank of the Tibetan Marginal Range. In those areas, like between Larkya La and Tangetse. the mon- 
soonal winds are not stopped by the barrier of the Great Himalayan Range but get a free entrance 
through the Marsyandi valley and the valleys of the Dudh Khola and the Naur Chu. They drop their 
water content when drifting up to the further north situated Tibetan Marginal Range. where we con- 
sequently find the big Bimtakothi glaciers, the Phu glacier and the Peri glacier (fig. 7). These are just 
general remarks on the general glaciation related to the climatic barrier of the Himalayas. Details with 
regard to both the present and the ancient glaciation will be given later on. 

A trip from the Thakkhola down through the Kali Gandaki gorge brings the greatest possible 
contrasts in any respect and in any season. During summer monsoon. the northern limit of the mon- 
soonal clouds form a tremendous barrier above the Himalayas (phot. 5). They seem to move northwards, 
but they really remain more or less at the same place, with their northern front between Dumpu and 
Tukucha. They turn like a big roller and remind one very much of the " Fóhnmauer" of the Alps. Except 
the center of the valley itself. the air which has traversed the main range of 8000 m altitude. drops into 
the northern valleys and is therefore locally dry like other downdrafts. When walking from the north 
towards Tukucha, one enjoys the fine weather of the Tibetan highlands. However a storm-like southerly 
wind can render crossing the narrow bridges sometimes dangerous. 


ur 


Phot. $ The Cloud Barrier Forming the Northern Iront of the Monsoon abos, 
Tukucha and on the Annapurna range. seen from the north 


with calcareous slates, conglomerates and sandstones (phot. 6). On the dolomite north of Atigar follows 
another thrusplane, on which the overlying series are much tecionized and thrust under angle uncon- 
lormity. Those series also contain turmaline pegmatites and quartz veins, which by tectonics are con- 
torted and torn into what we may call a “pegmatite breccia" and "quartz breccia” wherein the pegmatite 
and quartz components are bedded in garnet schists and garnet phyllites. CH in fie. 12, sce also phot. 7 ) 

Between Thak and Taprang the formations change completely and we find various gneisses with 
granitic intrusives and mica-schists. This has to be considered to be the overthrust of the Kathmandu 
nappes (fig. 12, up from No. 25). 

The whole series up to Siklis (2400 m) the highest village at the southern flank of the Annapurna 
(settled by Gurungs). has to be considered to be one tectonic unit in spite of the great thickness of approx. 
2.5 km. The northern dipping, flat slope north of Siklis consists of garnet mica-schists und muscovite- 
schists, causing the soft soil suitable for the cultivation of rice. 

On the top of this mica-schist series we find laminated. coarse-grained fimestone and marble 
(fig. 12). 

The overlying series. consisting of fine-grained biotite gneiss. porphyric granite with garnets and 
porphyric granite-gneiss, are heavily folded and thrust. Undoubtedly the whole series have to be 
considered to belong to the Kathmandu nappe 2. overthrust upon the limestone on the top of the 
crystalline Siklis series (see fig. 13). 

Our further route from Siklis to Rambrong (12278 ft. 3742 m) leads towards the east and con- 
sequently in the direction of the geological strike. The whole western ridge, right down to the Madi river 
consists of the formations of Siklis. the steep southern flank being built of the granite-gneiss, while the 
flat northerly dipping flank consists of the fine-grained biotite-gneiss and mica-schists. 


Phot. 6. Torn and Folded Dolomite Lenses in Calcareous Sandstone 


Clefts in the dolomite are filled with idiomorph quartz crystals (top of Nawa- 
kot nappe no. 1, south of Atigar), Such tectonized zones are common along 
thurstplanes. 


Phot. 7. "Quartz Breccia 
formed out of quartz veins and quartz layers due to tectonization. 


The cross section from Rambrong to Namun Bhanjvang shows the various crystalline formations 
of the Kathmandu nappes (fig. 14). When approaching the Namun Bhanjyang, we found the map 
greatly misleading: What in the map is given as Namun Bhanjyang (18976 ft, 5784 m) is not a pass but 
rather a glaciated peak. There are two mountain ridges which extend from the Lamjung Himal 
(22921 ft. 6985 m) towards the east (phot. 8). Between the two ridges there is a great glacier (Namun 
glacier) feeding the river flowing towards the east into the Marsyandi halfway between Naje and Jagat 
(fig. 7). The pass itself. which leads from the southern flank of the Namun Himal to Thangja is situated 
more to the east. That means there are two passes crossing the two mountain ranges mentioned above. 

The geological details of the itinerary from Rambrong to Namun Himal are given in fig. 14. 


Fig. 13. Profile Sketch North of Siklis 
s N 1 granite-gneiss 
SIKLIS 2 fine-grained biotite-gneiss, with few migmatitic 
layers 
À garnet mica-schist 
muscowite-schist 
5 laminated limestone and marble, calcareous 
sandstone 
6 fine-grained biotite-gneiss. with Jew intrusions 
7 granite-gneiss, porphyric 
Ñ granite with garnets. porphy ric 


RAMBRONG 


Fig. 14. Geological Profile Sketch Rambrong- Namun ! S788 m, 


i sandstone, interbedded with migmautes 12 
2 micaceous sandstone 13 
3 porphyric muscowite-granite. interbedded with 14 

migmatites 15 


4 garnet-granite 

5 fine-grained biotite-gneiss 

6 porphyric granite-gneiss 16 

7  fine-grained micaccous sandstone 17 

8 fine-grained biotite-gneiss 

9  granite-gneiss 

10 micaceous sandstone and gneiss 18 

]] granite with garnet and kyanite (the latter well- 
idiomorph with crystal length up to 10 cm) 19 


porphsrie and miematitie granite 

well-bedded gneiss, with migmatite layers 

granite (muscow ite-biotite) 

large series of migmatites; the latter. showing 
thicknesses between 2 em and several meters. 
Various ty pes of dykes cross each other 

slices of calcareous sandstone 

gneisses with migmatites, layers of porphyric granite 
(several meters thick), frequently under angle to 
the bedding of the mother rock 

similar as 17 above, however the percentage of 
gneiss and granite approx. ۱۱۱۱۰ 

Calesilicate rocks with various ۰ 


There is a clear unconformity between (15) and (17) in the dip as well كن‎ -especially in the strike. The lower series 
show a strike in southeast direction, while the overlying (or rather overthrust) series strike east west. Also both 


series show a great number of 10105 and microfolds 


Phot. 8. The Southern Llank of Lamjung Himal (6985 m: 
(compare also tig, 15, which gives the geological information) 
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Fig. 15. The Namun Range Seen 
from the Northeast 


I Intrusive zone of Namun with various 
mixed gneisses, including calesilicate 
gneisses and pegmatite layers and dykes 

L silicious limestone 

MG mixed gneisses, migmatites 

M lateral morain of the Namun glacier 


The limestone series belong to the top of Kathmandu nappe 3. The Namun series are overthrust and thereby heavily 
folded. (Compare also phot. 10.) 


All through the whole section tectonies play an important role. Four Kathmandu nappes are 
involved in the area. and besides. there is an anticline striking through in east- west direction 4 km 
north of Singdi (see also plate 111. profile 12). 

The Namun peak (5784 m) is a distinct geological boundary (sce fig. 15). 

North of it the crystalline series decrease. while more and more calcareous formations take place. 
Various features of granitic. aplitic and pegmatitic intrusions are well exposed in the valley of the 
Namun glacier (north and east of Namun (see phot. 9-. -13 and fig. 16 and 17). 

As everywhere in the transitional zone between the Kathmandu nappes and the sediment zone of 
the Tibetan marginal synclinorium, the dykes cross the beds at an angle directed towards the north. 
Also two phases of dykes can be recognized (phot. 15). 


Phot. 9. Inclusion of Gneiss in Pegmatite 
(northeastern Bank of Namun range) | ॥ए-ए (11051 pronte ines 
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Phot. 10. Oblique Pegmatite Dykes Crossing Granite and Gneisses 
(northeastern ridge of Namun, view from the cast) 

Gneisses (lower part) are interbedded with granite layers. The upper part 
consists of nearly plain granite, The angle under which the dykes cross are 
very characteristic for the marginal zone between the Kathmandu nappes 
and the sediments of the Tibetan marginal synclinorium 


Phot. ۱۱, Two P. f Intrusions (southern border of Namun glacier) 


y microfolded 


1 migmatitic gne 


3 second phase, coarse-grained turmaline pegmatite (within 2) 


Fig. 16. Aplite and. Pegmatite with Marginal 
Hornblende Crystallisation 
(northeast of. Namun) 


Compare also phot. no. Il, which shows ths 

same aplite (the ice-axe may serve as scale). 

P pegmatite 

A aplite 

۳3 second phase pegmatite within the 
aplite 

MG migmatite 

HB hornblende 

The rectangle marks the close-up of the photo- 

graph no. 12 and the following fig. 17. 


The further route from Namun towards north and down into the Marsyandi valley to the sharp 
bend of the Marsyandi between Thangja and Bagarchhap follows the dip of the formations and does 
therefore not show any interesting features. The mountain range north of the Namun glacier. which 
is glaciated on both flanks (phot. 14) consists of gently northwestern dipping calcsilicate rocks of the 
Bagarchhap-Thonje series. The western component of the dip is caused by a strong axial pitching 


Phot. 12. Close up of the Hornblende Crystals 

(same area as the rectangle in fig. 16, 

The hornblende crystals are well idiomorph, with length up to 10 em and 4 cm 
diameter. Their main axis is directed transverse to the pegmatite. (Compare 
also figs. 16 and 17 which give the explanation to this photograph.) 


Phot. 13. Pegmatite Dyke 


filling a fracture in thickly-bedded calcareous sandstone. The dyke partly 
extends also into the bed-joints of the sandstone 


Fig. 17. 

Hornblende crystals in the marginal zone of 
the aplite, (This fig. is a close-up of the rec. 
tangle in fig. 16; compare also phot. 12, which 
shows the same hornblende crystals.) 

The hornblende crystals. are well-idiomorph 
with lengths up to lO em and diameters of 4 em 
Their main axis is directed transverse to the 
aplite and pegmatite. 


towards west. which corresponds to the western plunging of the Manang synclinorium, as we shall see 
later on. The western pitching is accompanied by a number of steeply western dipping transverse faults. 
which occur in the whole range from Lamjung Himal (6985 m) to the Marsyandi gorge in the east 
(fig. 18; phot. 8, southern flank of the Lamjung Himal. and phot. 14). 


Phot. 14. The Mountain Range North of the Namun Glacier 

(seen from southeast) 

Calesilicate rocks with granitic and pegmatitic layers 

The beds dip north. The dip towards south (left side) is apparent only, caused 
by the axial rise of the Manang synclinorium. Note the folds and thrustfolds in 
the central portion of the photograph, indicating the Himalayan Schuppen zone. 


expressed) by‏ كلاس 


The range is mtersected be transverse 1,७15, morphe 
deep cuts, now filled by habet एज Phese nansverse bulls are also an 


expression of the western prr Bare e the تواست معيو لك‎ १1१४१ 


Phot, 15. Turmaline Peematite in Calesilicate Migmutite 
(Namun glacier. 4500 m) 


P turmaline pegmatite dx Ke 

PL turmaline-pegmatite layer (in connection with the dyke P) 
M laminated silicious marble, slightly migmatized 

A aplie layer, containing small pegmatite lenses (PL) 


Ihe Folding of the mother rocks along the pegmatite indicates slight movement and sliding within the formations 


during intrusion of the pegmatite or, rather, the pegmatite intrusion followed previous zones of latent weakness, like 
fractures, 115 and local miero-thrustplanes. 


In the neht hand upper corner, a secondary. pegmatite crosses the main pegmatite (P2) 
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Phot. 16. Migmatized and Folded Calesilicate Gneisses 
(Namun glacier, 4000 m) 


White masses are pcgmatites (P) 
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Phot. 19 Annapurna H 7937 mo and. Annapurna || 7507 بم‎ 

(seen from south, aenal ۷۱ 

Ihe lower part consists of various gneisses and eatesilicate rocks. [he upper 
part is built of the sediments which are folded ın a reverse sense The right halt 
of the picture shows the western dip ol the well-bedded lormations due to 
. which 


the awal rise of the Manang svaclinorium towards cast Compare hg 2. 
shows the same mountain from the southwest (eft in the photograph) 


peaks are situated in the sediment zone, while the Annapurna summit | is built of the topmost crystalline 
formations (various gneisses with migmatites and granite and pegmatitic layers). From the Anna- 
purna [towards the cast-southeast the highest summits of the main range are all built by the sediment 
formauans. Only Machhapuchare consists of crystalline (see plate HJ. Typically tor the topmost 
Kathmandu nappes. also the crystalline is involved in the tectonics. Elis can be well seen in the Machha- 
puchare (lig. 24) and in the ridge between the Annapurna Land the south peak (tig. 22: also profile 6 
in plate TH). [t seems as if at this place there would have been more space between the topmost Kath- 
mandu nappes for playing ın tectonics: a transitional zone between the uniformly northern dipping 
roots of the Katmandu nappes and the Tibetan marginal svnelimorium with its variety ol Foldings 
both in normal and reverse sense This transitional zone has been called the (तर Marginal 
Schuppenzone (see vol. Lol this publications series) and bas been described especially in the Everest 
arca, (See fig, 22. the Annapurna range seen from the southwest.) | km seuth of the peak 2100 m a 
sediment formation (the top of Kathmandu nappe No, bas been folded in underneath the thrust- 
plane of Kathmandu nappe 5 


Fast of peak 4692 m. where therc is a remarkable steep step in the gradient of the valley, we find 
granite with abundant pegmatite lavers and dykes, on the surface crumbled to grit. 

The granite is thrust over migmatites. with fine-grained biotite-gncisses interbedded with lenti- 
cular coarse-grained orthoclas porphyroblasts and pegmatites. Surprising enough. dykes in the lower 
part of the overthrust granite are cut bv minor thrustplanes. indicating that the upper part has locally 
been gliding in a reverse sense, that means towards the northeast. 

From this place, we gain a rapidly improving view on the surrounding high mountains. Peak 
6398 m, matched bv few Himalayan mountains by its boldncss. shows steeply dipping and folded 
crystalline series, basically of syncline character (see phot. 20 and fig. 29). 

On the opposite side of the valley, peak 4692, scen from the east, shows also a complicated structure 
with two thrustplanes and folding of the central portion (fig. 27). 

S 

N Fig. 27. Peak 4692 m, Northwestern Flank of the 
Dudh Valley 

(seen from the east) 

Threc thrustshects can be recognized. The two 
lower shcets consist ol granite-gneiss, while thc 
upper portion is built by mixed gneisses, in which 
the oblique pegmatite dykes are intruded. 


The topmost portion contains huge pegmatite dykes, directed at right angle to the beds and also 
under angle towards the northeast. which is characteristic for the topmost crystalline series underlying 
the sediments of the Tibetan marginal synclinorium. 

2 km below Bimtakothi the beautiful coniferous mountain forests decrease and the view is getting 
free on one of the most impressive sceneries of the Himalayas: The tremendous northwestern flank of 

Manaslu 
8125 7835 6398 


Phot. 20. The Northwestern Flank of the Manaslu Group 
(seen from the Bimtakothi glacier) 


(Compare the geology given in fig. 29.) 
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The Manaslu (8125) shows a regular northeastern dip of the huge granite masses. A strong clivage 
dips steeply towards the southwest. The Manaslu peak itself is just on the margin between the crystal- 
line and the Silurian sediment formations. (However. this can be observed only from the eastern llank.) 
Pegmatites within the granite cross at right angle to the bedding. 

The catchment area of the Bimtakothi glacier is built entirely of granites and granite-gneisses, 
Only the top of Cheo Himal has a sediment cover. These sediments of carbonilerous age (quartzites, 
sandstones. limestones and Chlorite slates) were found in the middle morain of the glacier. while the 
lateral morains do not show any sediments. (However, the sediments of Cheo Himal are not yet the 
base of the Tibetan sediment l'ormations; they are just a wedge left in the intruded Manaslu granite, 
as was observed from the castern side of the Larkva La.) 

The Manaslu granite of the Larkya La is thrust upon granite-gneisses of the Cheo Himal (see 
fig. 30 and 32). 

The ridge between the eastern and the western branch of the Bimtakothi glacier shows some 
secondary thrust sheets with clivage that makes appear a northern dip. (See also fig. 31.) 

The mountain range from the Needle towards the south shows a flat synclinal structure. This is 
the eastern termination of the Manang synclinorium. The strong axial rise towards the east makes the 
crystalline bottom of this synclinorium appear on the surface. The sediments occur only 2 km west of 
the mountain ranges of the Needle and the Peak 4692 (see geological map plate ۱۱ and also fig. 31 
and 32). 

Some mixed gneisses can be observed in the mountain ridge west of the Bimtakothi glacier (fig. 31 
and 32). whereby a layer of darker formations occurs between two secondary thrustplanes. 


Phot. 21. The Manaslu Granite Underlying the Permo- Carboniferous Formations 
(13 km northeast of the Larkya La, view from the southeast) 
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Fie, 33. Block Diagram of the Dudh Valley 
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S, Geological Itinerary Thonje-Manang 


About | km south of Naje we found in the crystalline formations a change into calcarcous gneisses 
and calesilicate rocks. At the bridge of Thonje (see fig. 21) again we find fine-gramed calcareous gneiss. 
with biotite, augit, amphibol, garnet and chlorite. The dips are very flat; more er less horizontal North 
of Bagarchhap occur great discordances in these calesilicate gneisses namely folds, overthrusts and 


N S Pix. 34. The Ridge North of Thone (between Marssandi and Dudh Khola, 


1 calesilicate rocks; calcareous components dominant 


2 calesilicate rocks: crystalline components dominant 


(shows with its quartz, lelspars and mica 
macroscopic resemblance to granitei 


The two series are separated bs a fhrustplane, whereby the underlying series 
are intensively folded 


displacements. One clear fold can be observed above Taje, north of Bagarchhap. The axis of this fold 
strikes north south with a dip towards the north (fig 34). This is at right angle to the normal strike 
and dip. In the wedge between Taje and Tilje also the general strike turns from the previous normal 
westnorthwest-castsoutheast into a northeast and even into north direction. Since on the other hand 
the ridge east of peak 3537 m shows a southeast strike. a clear anticlinal structure results in the valley 
of the Dudh Khola. (Sec also phot. 25.) 


Peak Manaslu Tarpu Ghat Himalchuli 
6398 m 8125 m 7835 m 7864 m 


Phor, 23. The Manaslu Group above Tarpu Ghat 
(seen from southwest) 


In the foreground are the northern dipping roots of the Nawakot nappes. The 
Kathmandu nappes are overthrust where the maim tributary Irom the eastern 
side (right hand in the photograph) joins the Marsyandi, above Tarpu Ghat. 
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lannung Himal 1117 Manaslu Himalchuli Bandha Ganesh Himal 


7W m ४125 0 7864 m ۷ 


GUS“ m 


Pot. W. Tine Annapurna and the Manaslu Group 

(seen Irom the south, aerial photo) 

This wide-angle photo i taken from a position above Khuncha, in the Nepalese 
Midlands. ॥ shows the Marsvandi valley between the Annapurna group and 
the Manaslu group. In the foreground, the system أن‎ transverse faults striking 
out ef the Mars andi gorge towards the south is visible. This transverse fault 
system extends right through the whole Nepalese Midlands in southern direction 
to the Mahabharat range and into the Siwaliks 


The clear terrace of Naje in the otherwise uninterrupted slopes of the V-shaped valley is caused by 
transverse faults. which strike north south, These are a part of the transverse Fault system which 
possibly originated the transverse valles of the Marsvandi, (See also phot. 25, where the ridge in the 
venter foreground is completely cut by numerous vertical fractures and faults, thus deceiving a vertical 
dip of the horizontally bedded gneiss.) 

Possibly. there is an ancient river course of the Marsyandi burried in the terrace of Naje. 

Undoubtedly there must be a transverse Fault system in the Marsvandi valley, for. further south in 
the gorge. also the strike is turned towards north south. and still further south. where the Marsvandi 
leaves the main range of the Himalayas. an extensive sistem of fractures was observed, striking through 
the whole Nepalese Midlands right down to the Siwaliks, (Phot. 24.) 

The series from Bagarchhap up to a few hundred meters west of the junction of the Naur Khola 
at Kupar are formed predommantls eut of crystalline: first biotite-paragneisses with [enses and small 
layers of pegmatites and granites. then laminated mixed gneisses. granitic gneisses, thin layers of 
augengnetrsses and finally lenticularl banded mixed gneisses. Ihe latter are interbedded with calesili- 
cute rocks. Close south of Thangya the dip is steep towards north. Phe valles of Kupar tower part ol 
the Naur Chu valles) shows a flat syneline parallel to the river course However this structure is hidden 
bx the strong western awal pitch. which Irom here on inereases towards the west, (Sec phor. 36 and 
lig. 37. 

he ridge northeast trom Kupar towards the Title Peak shows a bie Foll. X fingo ORL ol granite- 
„ness embedded in calsilicate rocks ts directed. towards the west (he १५१) Ebo dicción ۱۱ 


pressure points clearly towards the west 


Fig. 37. The Eastern Hank of the Naw Himal 

(seen from Thangja: 

the main peak is not visible) 

I Silurian limestone 

32 culesilicate rocks with abundant 
pegmatites, especially in the lower part 

mixed ९ 

4 calesilicate-gneisses 


isses 


All the formations dip towards Ihe west, ac- 
cording to the axial pitch. of the Manang 
synclinorium. The lower part of the calesilicate 
rocks is tremendously folded. 

(See also phot. 35.) 


Since in this sector the longitudinal forces. directed from east and west. are predominant. we now 
better study the longitudinal profiles (plate IV. profiles VI VII). 

Profiles Vl and VII show the lying. towards the west directed crystalline fold (of fig. 35), with its 
cover of calesilicate rocks. Halfway between the Tilje peak and Naur Chu (profile VII) the crystalline 
underlying of the said fold shows a distinct transverse saddle. This is the cross-point between the two 
different tectonic ares of the Annapurna range and the Manaslu range. The Annapurna range strikes 
in westnorthwest -eastsoutheast direction, while the Manaslu group is turned towards the northwest- 
southeast direction. The geological strike corresponds in both mentioned mountain ranges to the 
topographic outlay. 


Phu Himal Himlung Himal Cheo Himal 
7009 m 6454 m 7125 m 6४12 गा 6398 m 


Phot, 25. Aerial View into the Dudh Valles 
(seen fram the southwest, aerial photo Irom 5600 011 


Ihe Manaslu group is at the right side, the mountain ranges in the catchment 
area of the Bimtakothi glacier ın the background. Note the sertical fracturing 
and faulting, deceiving a vertical dip and south north stake ob the northern 
dipping ersstalline formations in the Fereereund 


Phot, 26. Lucustrine Deposits West of Thaneja ^ 2600 m 


1 river gravel 
2 lacustrine chas 


The ice-axe points to the boundary between the two formations 


However unsymmetric it may be, the western flank of this anticline is identic with the enormous 
flexur-like axial rise out of the synclinorium of Manang. 

The series on this flank (fig. 37) show an uneven bedding. with a large number of long. but flat- 
pressed folds. Large-scale recumbent folds do not exist in this zone. The axis of this anticline may be 
located in the meridian of the Tilje peak (see profile VI plate IV). Further south. in the longitudinal 
profile through Bagarchhap the axis strikes along the Dudh Khola valley. However it cannot be con- 
sidered to be the same axis, since it is transposed towards the east. 

The description of the Dudh valley was given in earlier chapters. We may- in connection with the 
above mentioned transverse anticlines point out. that the lower limit of the Tilje peak limestone for- 
mations strikes through the valley north of Peak 4692 m towards northwest. (See phot. 25 and 28.) 
This is the eastern termination of the Manang synclinorium. which in the northeast is joined by the 
Manaslu granite, respectively pressed to a narrow steeply northeastern dipping limestone series. (See 
profile 10 plate للا‎ near Peri Himal.) The Peak 4692 m marks therefore the distinct eastern flank of the 
Tilje transverse anticline. (See plate IV profile VI. in the valley between the Bimtakothi glacier and the 
Peak 7009 m. and further profile VH in the Dudh valley.) 

Thus. in general there is an anticline structure between the Naur Chu and the Dudh valley. We 
may call it the Marsyandi transverse structure. I shows anticline character north of the main ranges, 
and continues towards the south, through the Marsyandi gorge and into the Nepalese Midlands as a 
zone ol faults and fractures. 

Thus the transverse valley of the Marsvandi between the Annapurna group and the Manaslu group 
does not make any exception compared with other major transverse valleys between major mountain 
groups in the Nepal Himalayas, namely it has also been caused by à transverse structure. 
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Phot 2°. Devomian | ossiliforeus Limestone with Corals 
at the Marsyandi river-hend. 3 km west-northwest of Chame 


The wide valley of Manang is built entirely out of sediments with generally sy ncline structure and 
the whole character. climatic. topographic and geologically contrasts very much to the crystalline 
gorge further down. However. the present form and character of the Manang valley has dominantly 
originated from glacial erosion. glacial and interglacial deposits and landslides. 

The sharp bend of the Marsyandi 4 km southeast of Pisang originated by the extremely sharp axial 
rise of the Devonian limestones towards the east. In the upper part of the valley. until east of Pisang, 
the Marsyandi follows more or less the bottom of the main axis of the Manang synclinorium. At the 
place. where the river bends first towards the south and then to the east. it breaks through the Devonian 
and Silurian formations and below Chame it breaks through the topmost crystalline. Thus the Mar- 


Fig. 40. Profile Sketch in the Marsvandi Valley opposite Pisone 
Mo morain 

N S i limestone. with net pattern ol class and shales. also interbedded with 
yellow and pink dolomite layers tDevonian) 

3 gradually out of (1), more dark, interbedded with pink quartzites; the 
quartzite is partly conglomeratic 

3 graphite-phy lites. dotted slates, chlorite-slates. black and red quartzites 
interbedded with slates (Sarebang quartzıtes), reddish coarse-grained 
quartzites and quarte-sandstones (Carboniferous) 

4 clear quartzites Cevellow-band series» of the Carboniferous) 


Morsyond: 


The topmost pegmatites reach up to the Devonian limestone, Further west, 
the pegmatites reach only to the Silurian formations 
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Phot. 28. View into the Marswandı Valley between Kupar and Manang, seen from 
the east 

{aerial photo from 5700 m above Thonje) 

The Manang synclinorium between Annapurna 1 and Naur Himal is well- 
expressed. 

Please note the "Gipfelllur” at about 6000 m north (right side) ol the Annapurna 
range. Also an ancient land surface is well expressed through Nat slopes and 
terraces at about 4000 4500 m on both sides of the main range of the Himalaya. 
Indeed, the Annapurna range is like a "lifted island" C Hebungsinscl" accord- 
ing to Dhyrenfurth) compared with the surroundings. 


The vellow-band series opposite Pisang show the topmost pegmatites, which are crossing the beds 


under oblique angle towards the north. 


The whole mountain range at the northern flank of the Manang valley. from Naur Himal(6114 m) 


down to Ngawal is built by the well-bedded Devonian limestones, which show a general steep southerly 
dip. (See phot. 30 and fig. 42 and 43. plate V. fig. 1.) Since this dip is parallel to the flank of the valley, 
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S Fig. 43. The Southern Ridge of Naur Himal (6114 m) 


(seen Irom the west) 

This ridge is built of huge Devonian formations, mostly limestones and slates, 
which are tectonically accumulated by several thrustsheets. 

The evenly dipping beds at the right side form the tremendous fannel round 
the bend of the Marssandi 4 km southeast of Pisang. 


only the ridges between the tributary valleys have Carboniferous formations on their top, while the 
Devonian formations are exposed in the valleys. (Sce fig. 42: compare also the geological map plate 11.) 
Fhe Naur Himal (6114 m) itself shows a number of reverse thrustlaults. with increasing intensity of 
tectonics towards north. Hereby the parcels between the thrustfaults have intensively been folded 


(fig. 4^ and 43). 
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Fig. 44. Cross Section through the 

Marsyandi Valley at Braga 

showing the interglacial landslide of Braga 
(Compare also phot. 29, 30 and 31 and fig. 45.) 
rock bottom of the valley 

ancient ice age ground morain 

interglacial landslide 

sub-recent ground morain 

sub-recent latera! morains of the Marsyandi 
glacier 


Morsyand: 
1 
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In the valley bottom of Braga, the exposures are rare, since the whole area is covered by immense 
masses of glacial and fluvioglacial deposits and landslide materials (fig. 44 and 45; plate V; phot. 30-32 
and 38 and 37). One can imagine how intensive the former glaciation must have been, when considering 
how still today the Gangapurna glacier, fed by the Annapurna 111 (7576 m) and by the Gangapurna 
(7315 m) reaches right down to the bottom of the valley at Manang. Its recent or subrecent (stage of 
1920?) lateral morains dam still today the valley (phot. 31 and 32). Large alluvial plains have filled 
former glacial morain lakes, which formerly have been caused in the main valley by the lateral tributary 


Phot. 29. The Interglacial Landslide of Braga 

1 Landslide deposit; bedding is still visible even with its crossing quartz 
veins; the formations are partly re-cemented, the rocks consist predominantly 
of Carboniferous slates, Permian sandstones and Triassic limestones and 
dolomites. 

2 morain of former ice age. 

The landslide material extends right to the opposite (southern side) of the 

valley, and is in the bottom of the valley covered by younger morains (of a 

late ice age stage; compare also phot. 30, 31, 32 and 37; and fig. 44 and 45). 
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Nilgiri Shartse 
7148 m 


Phot. 30. The Marsvandt Valley near Pisane 
(seen Irom the southeast) 


The bottom of the valley consists of morams 

The white series at the foot of either valles Banks are landslide material, origi- 
nated from the northern flank (right sides The main ridge at the right side 
shows the southern dipping (parallel to the sloper of the Triassic, the Permian 
and the Carboniferous formations. (See also phot. ۱۱ and plate V. hg. I and 2: 
and hg. 44 and 45.) 


glaciers (fig. 57. phot. 31 and 32). In addition to the glaciation, landslides have also played an important 
role in shaping the present valleys. Near Braga (fig. 44 and phot. 29 31) we find land slide materials. 
which has originated from the northern slopes. In the landslide deposit. the bedding (with southern 
dip) can still be recognized. though broken and recemented. The material consists predominantly of 
limestones (Devonian). slates and quartzites (Carboniferous). limestones and dolomites (Permian- 
Triassic). Surprisingly enough. the landslide material is deposited on the top of morainic material 
with huge boulders. whereby the contact between the landslide and the morains shows also southern 
dipping. (See phot. 29 and 31.) The landslide has a tremendous dimension and also must have had a 
tremendous intensity, since it reaches right to the opposite valley flank. thereby surfing by 200 m up 
the opposite side. (See also sketchmap of fig. 45.) 

Based on these facts. we have to consider this landslide of Braga as interglacial. The material has 
been eroded away in the bottom of the valley later on. leaving the main masses at the flanks. Due to 
this erosion. the underlying Nuvioglacial deposits and the morains have partly been exposed. 

The Quaternary history of the Manang valley may be reconstructed as follows: During recession 
of the last ice age. the main glacier (Marsyandi glacier) left a thick cover of morains in the valley. 
extending on either Nanks by 200 m above the present alluvial bottom. Then the landslide from the 
northern Nank covered the whole valley. reaching at the opposite side about 200 m above the present 
bottom. Fluviatil erosion and a following diluvial phase levelled an alluvial plain on the top of the 
landslide deposits 


6] 


Nilgiri Shartse Peak F Kangsartse 
7148 m 


Phot. 31. The Marsvandi Valley above Braga 
(seen from the east: Nilgiri (7148 m) in the background) 


The bottom of the valles is now covered by an alluvial plain. consisting of 
morainic material; most probably an ancient lake. The plain is flanked by the 
landslide material, which is eroded into sharp crests and gullies, The horizontal 
top of the landslide masses shows a levelled ancient terrace. Lying on the terrace 
at the southern side (left side in the picture) wc find big lateral morains of the 
ancient valley glacier. (Compare also fig. 44, 45, 57: plate V, fig. ۱ and 2 and 
phot. 38 and 41.) The arrows indicates the detail photograph 29, 


New fluviatil and glacial erosion cleaned a new valley into the landslide materials, leaving parts of 
the former higher alluvial plains in front of the present terraces on either sides. New glaciation (of the 
Marsyandi glacier) deposited lateral morains on the edges of the old terraces. A last phase of glacia- 
tion deposited ground morains in the bottom of the valley. 

In general there exist great similarities between the landslide of Braga. and the famous interglacial 
landslide of Flims in the Swiss Alps. Both have originated from a valley flank. in which the dip of the 
beds are parallel to the slope: in both the landslides the rocks have glided along bed joints. possibly 
undercut by glacial erosion at the foot of the valley flanks; and finally. in both the landslides the forces 
were so tremendous that the masses were surfing up the opposite valley side. hereby damming the 
main valley to a lake. (Undercutting of the dip slopes bv glacial erosion ts evident near Manang: see 
phot. 30, 37 and fig. 50.) 

We now devote again to the detail geology of the northern flank of the Manang valley. The geo- 
logical profile on the ridge north of Braga (fig. 46. 47) shows at the base Carboniferous formations with 
dark Narebang quartzite. slates and clear quartzites (yellow-band series). clear dotted states. dark blue- 
green and red phyllites. dark slates, dark green slates with layers of manganese iron ore (similar to the 
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Phot, 32. Manane Villi 


Valles 


with the Gangapurna Gia ier Reaching inte the Main 


the tongue of the glacier dammed a jake in the valles until the Marsyandi 
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vut through 
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Fig. 45. Sketch Map 
of the Landslide Area of Braga 


Cip sepes 


Line of origi 
of the 1904 ۰ 


| Alluvial picin 

Terrcces on the lond side 
Recent morains 

j Ancient ce oge moroins 


Land sico of Broqo 


Phot. 33. Fossiliferous Nodular Limestone 
(seen at the ridge 200 m north of Braga) 


The nodules are originated from shells, of which the limestone contains a 
large number 
The formations are Permian-Triassic. 
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Phot. 34. Dolomite Conglomerate in 
kossiliferous Brown Sandy Limestone 
(at the ridge 500 m north of Braga) 
The pencil indicates the scale. 


The overlying dolomitic series shows the profile as given in fig. 48. The top is formed by a typical 
Triassic dolomite, of light brown dense character. The lower part shows on the surface sandy weathering. 
A Rauhwacke with cellular structure is also present. underlying is a nodular dolomite with limestone. 
Brick-red and clear red sandstones are l'ollowed by banded reddish brown sandy limestone. The follow- 
ing dark and greenish blueish clays recall the “Quartenschieler™ of the Helvetic Triassic in the Swiss 


Fig. 48. Profile Sketch of the Ridge Northwest of Braga (Triassic profile) 


S light brown dolomite, surface sandy weathering 


light dolomite, interbedded with cellular dolomite, net pattern of clay 

nodular dolomite-limestone 

bright red and pastell-red banded sandy limestone 

reddish-brown laminated sandy limestone 

dark slates, and greenish-blueish slates 

(similarity with the "Kóssener" and "Quarten" shales of the Alps) 

7 reddish coral limestone, with layers of light vellow-green clays in nct pattern, 
also with brown sandy clays 

E TM. 8 banded dolomite and limestone, with layers of dark limestone 

2 ESE A 3 9 coarse-grained red quartzite. iron quartzite 
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6. Geology of the Mountain Ranges North of the Manang Valley 
(Manang Himal--Naur Himal- Naur Chu Valley) 


Fig. 51. Profile sketch of the Ridge North of Ghyaru 

(secn from the cast) 

Jurassic limestone 

Lower Jurassic slates 

Rhetic slates and limestones, dark shales 

Triassic dolomites 

Permian quartzites and sandstones 

Carboniferous quartzites, slates and shales 

The Mesozoic series have unconformly glided on the Permian formations. 
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We now go for an excursion from Ghyaru over the Naur La (5300 m) to the Naur village. When 
climbing from Ghyaru we first move always in the same Devonian limestones, since the beds dip more 
or less parallel to the slope. At 4500 m we leave these limestones and proceed into the overlying 
Carboniferous and Mesozoic formations (see fig. 51,52). With growing altitude, the so far evenly southern 
dip is replaced by various folds. The Naur La (5300 m) is situated little north of an anticline. Northern 
dipping Triassic dolomites occur in the gap (fig. 52). North of the Naur La we cross a narrow syncline 
with Rhetic formations as filling. The syncline is slightly overturned towards the north. (See profile 9 in 
plate III. and fig. 53.) This syncline strikes towards the castsoutheast, along the northern flank of Naur 
Himal (6114 m) and round this peak into the eastern flank of this mountain, where it terminates due 


Phot. 35. View into the Naur Valley from the South 

(aerial photo from 5700 m above Kupar) 

The eastern flank of Naur Himal shows the overturned syncline with Mesozoic 
filling (right side flank). The ridge at the foreground is built by Devonian 
limestones with a fannel-like shape (compare also phot. 37 in which F points 
to the fannel). 


Naur Himal Tangetse 
6114 m 6723 m 
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Phot, 3. Panoramic View trom the Naw Lar fo the Last VNplanation see in fig. $$ 


The further continuation of the Manang synclinorium (however only in its crystalline bottom) is 
further observed in the Manaslu group (see fig. 55). In the peak 6398 m. it is overturned towards the 
southwest, as already described in fig. 29 and 31, 

From Naur La we also enjoy a beautiful view into the whole northern Nank of the Annapurna 
range. (Plate V. fie. 2.) 

However the geological description will follow later on. after having explored the whole valley of 
Manang We therefore go now back to Manang. The cross section through Manang (lig. 56) shows 
much more structural complications than the area further cast. The main axis of the Manang synclino- 
rium follows more or less the valley (in the section of Manang). However there are a number of compli- 
cations, since the bottom of the synclinorium is warped up and forms an anticline, in which the Car- 
boniferous formations are exposed. Further, on either sides of this central anticline occur secondary 
sı nclınes both overturned and directed against cach other towards the center of the ss iclinorium, At 
the southern flank there exists a further reverse (towards the north overturned) anticline and svncline. 
on which the thick Devonian limestones of the Gangapurna are overthrust (Ie. 56 and plate V fig; 3 
and phot. 38, 37) 

Ihe general impression is of having a Graben (along the axis of the Manang svnchlinorium) into 
which the upper Formations [rom the Horst of either sides have been folded in We might call this 
superficial toldıng resulting from block-tectonies 

Ihe big town of Manang is beautifully situated opposite of the Annapura which sends the 
Gangapurna glavier richt down into the main valles; building a barno wah ús Lateral moras 


(phot, 32. 38). The terminal morain is situated on the opposite side of the valles. Until recently. there has 
been a lake in the main valley dammed by the tongue of the Gangapurna glacier The Marssandi has 
now cut through the morains. There are also ares of higher terminal morains Irom an earlier stage. 
when the tongue of the Gangapurna glacier reached nearly the altitude of the town of Manang 


(fig, 45) 


N Fig. 56. Geological Profile through Manane 


LJ Lower Jurassic 

R Rhetic 

1 Triassic 

P Permian 

C Carboniferous 

D Devonan 

The Manang ss aclinorium shows a number أن‎ 
partial amis, whereby the structures north of 
the valles are normally directed towards the 
south, while the structures south of the valley 
aves are reverse, that means directed towards 


Manong 


the north 
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Naur Himal Himalchuli Annapurna IH Annapurna IV 
6114 m 7864 m 1 7937 m 7507 m 


Phot, 47 Photographie Panorama of the Manang Valley with Annapurna H 
ard IV and Naur Himal 

(seen from 4600 m on the ridge north of Manang, view towards the southeast) 
(Compare geological panorama plate V, fig. | of the same view.) F indicates 
the fannel-like shape of the Devonian limestone, marking the western pitch 
of the Manang synclinorium 


Phot. 38. Gangapurna, Roc Noir and Nilgiri 

(seen from the northeast) 

Ihe reverse fold in Silurian-Devonian. formations on the northern ridge of 
the Gangapurna ts well visible. (Compare geological panoramas of plate V) 


Gangapurna Roc Noir Nilgiri Shartse 
7315m 7255 m 7148 m 


The tributary valley which drains the Seti gap(plateV, fig. 2) gives also an excellent view into the struc- 
ture of the eastern flank of the Annapurna Ill (7576 m). The reverse fold in the Silurian/Devonian 
formations is greatly developed. The underlying synclinc with Mesozoic filling is unsymmetric, the 
upper flank tectonically squeezed out along a thrustfault, whereby the Devonian limestones are thrust 


upon the Triassic dolomite (see plate V. fig. 2). 


Jurassic 
Rhetic 
Triossic 
Permian 
Carbonifercus 
Devonian 


Silurian 


Fig. 61. Annapurna 111 and Gangapurna Seen from Northwest 

(from the Jargeng valley, approx. 4300 m) 

The northern flank of this range shows the tremendous reverse fold in Silurian and Devonian formations, with a reverse 
series in the lower part of the northern ridge of Gangapurna. 

The ridge in front of Gangapurna contains a narrow towards the north overturned syncline with Jurassic filling. 


(See also phot. 42) 


The range of peak 5291 m, which is situated in front of Annapurna ll and Annapurna IV shows 
the large Mesozoic filling (up to Jurassic limestones) in the overturned and reverse syncline (plate V, 
fig. | and 2). At the western part of the said mountain range a dolomite anticline (Triassic) is exposed 
(phot. 37). 

The tremendous folding and faulting in Annapurna 11 (7937 m) is not well visible from this side, 
since we look straight into the folds (from the front side). It is referred to the fig. 38, 39 and phot. 28. 
which show the structure scen from the castern side. 


Phot. 39. Zaphrentis Species 
(location at 3980 m on the trail above Tengi to Thorung La, 
2 km northwest of Manang) 


The scale is indicated by the pencil 
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8. Geological Itinerary Manang-Thorung La 


We now continue our route on Ihe ridge northwest of Mananp and Tengi. the highest and last vil- 
lage on the trail to the Thorung La (5300 m). First we climb in Carboniferous formations represented 
by quartzites, interbedded with limestones, red quartzites. Narebang wood-like chloritoid slates and 
the lowest bed of the white quartzite of the yellow-band series. At 3980 m we find ın the lower hed of 
the yellow band series a zaphrentis species (phot. 39), which consequently proves the Carboniferous 
age of c yellow-band series. Also slates with fucoides and other fossils were found at the same place 
(phot. 40). 


Phot, 40. Fucoide Slates with other 
Fossil Shells 
(on the ridge above Tengi) 


These fossils occur near a clear-coloured 
coarse-grained quartzite bed overlying 
"wood-like" Narebang slates. red quart- 
nies and quartzite interbedded with 
limestones. 


In the valley of the Jargeng Chu we move for a long time in more or less the same formations 
of the Carboniferous and the Permian. The overlying Triassic dolomite occurs at the eastern flank of 
the valley much higher due to an axial rise towards the east. (See fig. 62 and 63. Manang Himal.) 

At the western side of the Jargeng valley, the Triassic dolomite comes to ly nearly into the bottom 
of the valley, due to the axial pitch (see overturned dolomite syneline in fig. 64). In the valley. which 
drains the southwestern flank of the Manang Himal (6631 m) it is well visible, how the Triassic dolomite 
(which dips at the northern flank of the Manang valley towards the south) is bent to form an anticline 
and dips towards the north (fig. 62). Hereby. the dolomite is overthrust by Carboniferous formations 
of a higher tectonic unit. The overthrust Schuppe (slice) dips generally towards north and shows a 
complete stratigraphic profile from the Carboniferous through the Permian and the Triassic with the 
typical Norian dolomite to the well-bedded limestones and slates of the Rhetic and Jurassic. The peak 
of Manang Himal consists of the thickly-bedded limestone of Upper Jurassic age (fig. 62 and 63). 
However. also this upper Schuppe is still folded and thrustfaulted (fig. 63 and 70). 

At the western side of the Jargeng valley (fig. 64) we see now the bent vertical fold of the Manang 
anticline. which is formed by the Carboniferous formations with a cover of Permian and Triassic series. 
The extraordinary horizontal faults have been shown in fig. 59. North of the said vertical anticline 
there is a syneline. overturned towards the north. filled with Rhetic formations (fig. 64). 

The Kangsartse Peak. joining northwest of the ridge with the Manang anticline, is built by a 
complicated syneline which is also overturned towards the north. The filling of the syncline consists 
of Jurassic limestones. which build the peak itself (see detail fig. 64). 

The nest big anticline towards the north (see geological map plate II) is also rather complicated, 
with a vertical Fault; along which the northern part has been lifted (fig. 66 and detail fig. 67. seen from 
further north) 
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Phu Himal Nau Hamal ۱ ( ۱ Annapurna ll 
6454 m 7009 m 0611411 7864 m 7937 m 


Phot. 41. The Manang Valles Seen from the West 

(बल photo from $600 m above the Jargeng valley) 

Note the outstanding height of the Annapurna range compared with the 
Gipfelllur of the mountains north (left side) of it which is about 0000 m only. 
Note also the ancient land surface at about SOOO m at the northern flank of the 
Annapurna range and on the mountain ranges north of the Marsvandi valley 


Possibly, the overlying brown sandy quartzites and sandstones, interbedded with clear-coloured 
thin quartzitic layers might belong to the Lower Jurassic (Liassic especially). Overlying we lind. partly 
under light angle unconformity. clear coloured and brown quartzite. This series is mixed with "autumn- 
coloured" (herbstlaubfarbene) limestones and pink lenticular coral limestones. IU appears. that we all 
on a sudden are again in lower formations and that the Triassic series are sliced, for, above and over- 
lying. we find again the main dolomite series (Norian) of partly very dense. partly fine-grained conglom- 
eratic character. The black series of the Rhetic appear to thin out towards the cast. (Phot. 42. below 
Manang Himal shows very clear the slicing within the main dolomite series. caused by a number of 
steep northern dipping thrustfaults.) 


Gane ana et 


Fig. 00. The Western Llank of the Central Part ef the Jurecng Valla 
(seen front southeast) 


here exists a doubled anticline, with a vertical Fault at the southern Hank, whereby in both partial avis € arbomiderous 
formations are esposed in the lower Nanks of the valley. Ihe antehne is slightls overturned towards the south 


(Compare detail of the southern Hank of this anticline gren in tie. 67 1 


Manang Ilımal Annapurna IV Annapurna 11 Gangapurna 


6631 m 7507 m 7576 m 735m 


Phot. 42. Photographie Panorama from below the Thorung La towards the 
Southeast 


(Compare geological sketch fig. 70.) 


The Thorungtse (6444 m) itself shows a very complicated structure with a number of thrustfaults 
and folds. This features will be dealt with later on. since this mountain range can be studied much better 
from the western and southwestern side. 

While the western flank of the Jargeng valley. with the mountains of Jargengtse and Manang 
Himal (6631 m) are now pretty clear, the mountain range forming the watershed between the Marsyandi 


Fig. 71. Schematic and much Simplified Comprehensive Profile of the Mountain Range between the Nilgiri and the 
Thorungtse 


The triangles denote the various mountain peaks and their respective locations with regard to the formations and the 
structures. The numbers indicate the location of the respective text figures. 
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Fig. 74. The Thorungtve (6444 mi, Seen from Muktinath 

This sketch shows especially the lower part of the western Hank of the Thorungtse with the various folds in the Per- 
mian and Friassie formations, The upper part of the mountain is distorted. due to looking steeply upwards, especially. 
the Cretaceous top cannot be seen, The summit is better shown in fig. 79. ٩۱ and 82, 


Phot, 43. View on Muktinatht 
Deriatse (6150 m) left side, Lupratse (5911 my right side 
(Compare fig. 75 and geological panorama plate VE fig. 2 


2 

The transverse fault of Muktinath strikes along the foot of the mountain range. 
It can clearly be recognized especially on the leftern side, how the folds in 
the Norian dolomite are cut 

Ihe natural gas ol Muktinath appears in this. fault, where the. Paleocene 
Saligram series jom the Triassic and Permian formations in the Fault itself. 
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2. Tetang-Narsing Chu 


On our trip from Muktinath towards the north we have first to cross the Chehang La, that is the 
pass a few hundred meters east of peak 4191 m. On this route, just northeast of the Chhego village we 
find again the black shales of the Saligram series with the large boulders which contain saligrams 


tammonites, fig. 8I). 


Fig. 83. Detail Profile from the Chehang La to the Peak 4191 m 


1 limestone and calcareous slates with ۷ E 
cardinies 

limestone with belemnites am Chehong Lo 
Saligram series ! 4000 m 

grey coarse-grained quartzite ud ar | 

white sandstonc gts Ea oy > Z 2 

red dense quartzite ` E "" at e. 227 

dark sandy slates 

quartzite breccia 

sandstone ("Ruchsandstein") 

brown and grecn sandstones, fine con- 
glomerates, glauconite sandstone 
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From the large number of collected ammonites were some determined in the field as Hoplites 
Berriasiella (Portlandian -Purbeckian). At this place. the Saligram series is much tectonized, with the 
وعدن‎ of the folds directed north-south. The exposure is close to the Norian dolomite. which covers the 
northern flank of the Thorung valley (fig. 81). In general the Saligram series dips at this place towards 
the west. while the mentioned dolomite shows a normal northnortheast dip. The unconformity of the 
Eocene Saligram series upon the Triassic dolomite is thus practically under right angle. 


Phot. 44. finding of Fossils on the 
Pad trom Chehame towards North 


t ardas embedded with belemnites 


Phot. 45. Belemnites near the 
Saligram Transgression 
of Peak 4191 m East 1 Chehang La) 


In the small brook northeast of Chhego we can also observe, how the above-mentioned dolomite 
shows a synclinal closure and connects with the higher dolomite series. The filling consists of Rhetic 
and Liassic slates and limestones (fig. SI and 79) 

The valley north of Chhego has an extraordinary thick cover of morains. A distinct terrace of 
morainic material is found at 3800 m (lig. 79 and 75). But also further up. towards the Chehang La. we 
find several lateral morains lying upon the said terrace. 


Fie 54. View on the 

Northern Flank of 

4191 the Muktinath Valley 
m 


Kali Gondoki 


& Kagbeni 


TO Vhakmar series (clear-coloured sandstones, red shales, boulderbeds and lacustrine 
chalk: Upper Tertiary Quaternary) 

K Kagbeni series (dark sandstones and slates, greensands, grey sandstones, quartzites, 
breccias and glauconite sandstone; Paleocene -Focene). 

Ñ  Salteram series (ower Middle Paleocene) 

i Turassn 

Ihe Thaker series are folded-in into the Kagbeni series, whereby the structural avis are 

eorth eth Compare phot. 46‏ امسلا 
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Khegatse Mustangtse 
6۱ m 6476 m 


Phot, 46. The TU Graben North of Miktinath 

(acral photo From SX m above Muktinarh, view towards the north) 

The maim transverse fault strikes along the eastern foot of the mountain range 
in the Jett side ot the picture. (Compare plate Vil. fig. 3 and 2 J 

The Fault of the opposite side of the Graben is of lesser magıntude Instead, the 
whole Cretaceous and Tertiary tliog of the Graben shows a considerable dip 
to the west (left side in the picture! 


Over the series with the belemnites we find dark limestones. with a net pattern of calcite veins. 
then slates and thin-bedded limestones. interbedded with quartzite beds. then polygene breccias (type 
of the Lias breccia of the Eastalpine facies of the Alps). and finally yellow arenaceous quartzites 
(Dogger?) (see fig. 89). 

In the first small valley (2 km northeast of the Chehang La) the above-mentioned series are folded, 
whereby their axis strike in north south direction. That is a right angle to the normal strike. 

Just south of the first pass (approximately 3 km northeast of peak 419] m) we find Rhetic lime- 
stones, whereby characteristically the limestones show transverse clivage and are interbedded with 
slates (compare also fig. 80 of the area south of Chahar). A few meters of layers and lenses of quartzite 
overly the Rhetic limestones. Further up we find blueish-grey coral limestone. overlain by breccias. 
The Saligram series transgresses on the latter. The profile above the transgression is given in fig. 94 
and 95 and phot. 49. Surprisingly. we find only a few meters above the Saligram series river gravels of 
limestone and dolomite and also the first granite boulders of the Mustang granite (phot. 51 and 52). 

In the tributary valley of the Narsing Chu, into which the trail descends for crossing the river we 
lind thick morains. Proves of former glaciation are also found in glacial thrust marks on Lias breccias 
(phot. 50). Triassic dolomite occurs in the background of this tributary valley (fig. 95). This is ants 
clinally folded. 

The trail crosses on its further course Rhetic limestones. However. in the lower part of the valley 


We ७॥॥ an the Salreram series. 
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Fig. 91. The Tertiary on Tetang La 

(Fetang La is situated 3.75 km southeast of Tetang, see location in fig. 89) 
1 transgression breccia of the Lower Jurassic (L iassic), 20 m (sce also phot.49) 
2 quartzite with saligrams, 50 m 

3 river gravels, (dolomite. limestone and granite) 

4 marl breccia, | m 

$ blue lacustrine shales, 2m 

6 marl breccia with beds of red iron quartzite 

7 river gravels, | m 

$ white sandstone, 30 m 

9 river gravels, 2 m 

10 red sandstone 


For the first time we find in this valley between the Saligram series and the Mesozoic formations 
a new series of violet and pink well-bedded sandstones and slates of the flysch-type of the Alps 
(fig. 92-94, 97). Directly on the Saligram series occur sandstones with red boulders of breccias, overlain 
by light-blue lacustrine shales and clear-coloured sandstones. Overlying to these series we find brown 
sandstones (phot. 52) and river gravels. and finally thick formations of white lacustrine chalk. We shall 
call these series from now on the Nursing series. All those Formations show a strong dip towards west- 
northwest. The violet flysch-type series are folded under unconformity on the Jurassic formations, and 


Phot, 47. A Saleram Boulder 
on the Trail to Chehane La 


Phot. 48. Belemnites on Chehang La 


Fig. 92. View on the Northern Flank of the Narsing Valley 
Thakmar series (Middle Tertiary—Quaternary) 
Saligram series (Lower—Middle Paleocene) 
Narsing flysch (Upper Cretaceous— Lower Paleocene) 1 yellow and red marly sandstone 
2 blue shales 
Lower Jurassic (thin-bedded dark and spotted limestones and slates) 
Fossil finding (turritella) on the trail 
The Mesozoic formations show genera! northwestern dip, while the Narsing flysch is involved in separate tectonics. 
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Fig. १1. The Tertiary on Tetang La 

(Tetang La is situated 3.75 Ki southeast of Tetang, see location in fig. 89) 
I transgression breccia of the Lower Jurassic (I iassic), 20 m (see also phot.49) 
2 quartzite with saligrams, 50 m 

3 river gravels, (dolomite, limestone and granite) 

4 marl breccia, | m 

S blw lacustrine shales, ` m 

6 marl breccia with beds of red iron quartzite 

7 river gravels, Im 

R white sandstone, 30 m 

9 river gravels, Im 

10 red sandstone 


For the first time we find in this valley between the Saligram series and the Mesozoic formations 
a new series of violet and pink well-bedded sandstones and slates of the Aysch-type of the Alps 
(fig. 92-94, 97). Directly on the Saligram series occur sandstones with red boulders of breccias. overlain 
by light-blue lacustrine shales and clear-coloured sandstones. Overlying to these series we find brown 
sandstones (phot. 52) and river gravels. and finally thick formations of white lacustrine chalk. We shall 
call these series from now on the Narsing series. All those formations show a strong dip towards west- 
northwest. The violet Aysch-type series are folded under unconformity on the Jurassic formations, and 


Phot. 47. A Salierain Boulder 
on the Trail to Chehang La 
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Phot. 48. Belemnites on Chehang 1.4 


Fig. 92. View on the Northern Flank of the Narsing Valley 


T Thakmar series (Middle Tertiary--Quaternary) 
S Saligram series (Lower—Middle Paleocene) 
N Narsing flysch (Upper Cretaceous--Lower Paleocene) | yellow and red marly sandstone 
2 blue shales 
LJ Lower Jurassic (thin-bedded dark and spotted limestones and slates) 
F Fossil finding (turritella) on the trail 
The Mesozoic formations show general northwestern dip, while the Narsing flysch is involved in separate tectonics. 


NW SE 
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Phot. 49. Transgression Breccia 

of the Lower Jurassic 

(between Chehang La and Narsing 
valley) 

The Saligram series has transgressed 
on these breccias. 


the Saligram series again transgressed under unconformity on the flyseh-type violet series, (See fig. 94. 
96 and 97.) 

Those two unconlormities are still much more clear at the northern flank of the Narsing valley. 
when climbing on the trail from the resthouse (fig. 92 and 97). The multi-coloured series (violet, red-brown 
and yellow sandstones, slates and marly limestones) arc folded on the west-southwestern dipping Jurassic 
limestones (fig. 97). 150 m above the resthouse we find a number of fossils in the brown sandstones 
and in the marly limestones, of which one was determined as a turritella (fig. 92). Consequently. we 
may consider the Nysch-type series as Upper Cretaceous. Paleocene. The Saligram series come hereby 
to he Loser to Middle Paleocene. 
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Phot. 50. Glacial Thrustmarks 
on Lower Jurassic Breccia 

(at the southern flank 

of the Narsing valley) 


Fix. 96. Detail Profile at the Southern Flank of the Narsing La 


Tm Thakmar series (Middle Teruary Quaternary) 
5 Saligram series (Lower Middle Paleocene) 

Narsing flysch (Upper Cretaceous Lower Paleocene) 

1 marly limestones and slates 

2 violet shales 

3 thin-bedded marls, quartzites and shales. 

transgression of the Narsing Mysch upon the Mesozoic 

LI Lower Jurassic 


Finding of an oppelia species of 15 em diameter in these series (see also phot, $6). 
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Phot. 51. River Gravels 
Qverlying the Saligram Series 
(on the Tetang La [4100 m] 
southeast of Tetang) 

The gravels consist of 
dolomite, limestone and the 
most southern boulders 

of the Mustang granite. 


Phot. 52. The Fluviatil Gravels 
and Lacustrine Shales 
in the Narsing Valley 
] brown sandstone 
2 light blue lacustrine shale 
3 large boulder bed 
(components consisting 
of breccia) 
All thc formations are tilted. 
(See also fig. 97 and phot. $7.) 


Phot, 53, Tectonics 

in the Narsing Flysch 

tat the northern flank of the 
Narsing valley) 

1 violet shales 

2 light sandstones 

3 bluc marls 
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Also at the northern flank of the Narsing valley. the Narsing series (the flysch-type of the violet 
and pink sandstones) are intensively folded (fig. 95 and 97, phot. 53. 54, 55). Just north of the resthouse, 
in the Narsing Chu. the strike of the Narsing flysch is directed north-south, the dip vertical; higher 
up. towards the Narsing La, the strike changes to southeast -northwest direction. The thin-bedded 
flysch contains in this zone a large number of small folds and microfolds. 


Phot. 54. The Northern Flank of the Narsing Valley with its Folded Series of 
Narsing Flysch 
(Dhaulagiri in the left hand background) 


3. Narsing La 


In the valley, which leads to the Narsing La, we find Saligram series which dip towards the south- 
west. The Saligram series lie under unconformity on the Narsing flysch. We have, surprisingly enough, 
to conclude, that the Saligram series have been deposited in this valley, which was eroded in the Narsing 
flysch. On the ridges on either side of this valley we find---again under unconformity---on the vertically 
bedded Narsing flysch the Tertiary sandstones, lacustrine shales and river gravels, with a gentle 
western dipping (fig.93 and 94). The Saligram series is missing between the Narsing flysch and the Tertiary 
formations on the ridges. It appears again further down (fig. 97). 

These data hint on the evolution of the present complicated structures and of the correlation of 
the various formations: After deposition of the Paleocene Narsing flysch, thrust from the northeast 
lifted the flysch out of the sea. folded the flysch formation (apparently through gravity gliding towards 
the west) and erected the same to steep and vertical position (see fig. 97 and phot. 54). 


Fig. 97. Schematic Profile Sketch of the two Ridges on either Sides of the Valley 
Leading to the Narsing La 

Tm Thakmar series (Middle Tertiary Quaternary) 

5 Saligram series (Lower - Middle Paleocene) 

N Narsing flysch (Upper Cretaceous Lower Paleocene) 

LJ Lower Jurassic 

R Rhetic 

Tr Triassic 
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Phot. 55. The Unconform Trans 
gressióny between the Narsing | Iya h. 
the Saligram Series 

and the Thakmar Series 

(Compare also fie. 97.) 

Im Thakmar series 

S Salgpram series 

NI Narsing flyseh 


Che erosion. formed and shaped valleys. New inundation deposited the Saligram series on the 
eroded surface. under angle unconformity. The cover by the sea was however not complete, since the 
ridges of the mountains were above the sea level, especially in the eastern part. [n this zone, the Upper 
Tertiary sandstones. river gravels and lacustrine shales (Thakmar series) were deposited directly on the 
Ayseh (Narsing series). In the western part. the ridges covered by the flysch, were also inundated. In 
this part consequently the Saligram series was deposited not only in the valleys, but also on the ridges 


(he 97 and phot 54) 


109 


Phot. 56. Finding of a Large-size 
Oppelia Species on Narsing La 


In the upper part of the valley, which leads from the resthouse to the Tetang La 4100 m we find 
lateral morains of an ancient glacier. (At this place we found also the only water, in the otherwise 
completely dry area.) The morains contain mainly Rhetic and Liassic limestones. The same formations 
were also found in the rock exposures just west of the Tetang La. A finding of a big oppelia species at 
the same place has to be mentioned (phot. 56). 

The last pass before descending to Tange may be called Tange La (4300 m). It is according to the 
Quarter-inch map situated 2 km north of the peak 4825 m, which erronously is named in the said map 
with Damodar Kund (Damodar -- Goddess; Kund =: lake). The real Damodar Kund is a sacred place 


SW 


Thorungtse 


DN La 


Fig. 98. View from the Tange La towards the Southeast into the Narsing Valley. 

TQ Tertiary-- Quaternary (Thakmar series, Saligram series, Narsing series) R  Rhetic 
UJ Upper Jurassic T  Triassic 
LJ Lower Jurassic P Permian 


The southern flank of the upper part of the Narsing valley is built by a large anticline, in the core of which Permian 
formations appear. (Sec also geological map. plate 11.) 


and is said to be a famous pilgrimage place, and is situated approximately 20 km more northeast than 
indicated in the Quarter-inch map. namely in the valley ot the Damodar Chu. (See map plate 1.) 

We enjoy an excellent view from the Tange La into the mountain ranges north of the Thorungtse 
(fig. 98). The Mesozoic forms in general a flat anticline. the axis of which strikes in south-southeast 
north-northeast direction. with an axial pitch in the latter direction. We can easily recognize. how the 
Tertiary formations are also involved in the anticline structure. Consequently, the anticline. at least 
its last phase is later than Eocene. For the time being however it is an unsolved problem, why not 
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[he Intrusions are partly layers, partly dykes, and are involved by the north south striking faults, 
The latter have consequently to be dated as very young, provided the granitic and pegmatitic intrusions 
are considered as Tertiary or even as Upper Tertiary (or Pleistocene?). 

The Saligram series occurs in the Damodar valley however in the upper part of the valley only. 

As mentioned above. the ridge southeast of peak 5248 m (fig. 100) is covered by the Tertiary 
conglomerate (Nagellluh). Peak 5744 m shows some folds in the Liassic limestone. The Damodar 
valley is in general situated in the lower part of an anticline structure, whereby the Triassic dolomite 
as lowest formation occurs far towards the west in the bottom of the valley. The said anticline thus 
shows a western pitch. 

The reality of Damodar Kund as sacred pilgrimage place did not meet the expectations. The rest- 
house is just a ruin, can hardly been used for staying over night, and also the "abundant saligrams", 
which were expected to be found are missing. Thus, there is more legend than reality in the stories 
going around in Nepal of the miracolous Damodar lake. 


Phot. 57. View from the Narsing La towards the Southwest 


[he Dangarjong fault strikes along the foot of the mountain range, 
Note the northwestern dipping Thak mar series. (Compare plate VI fie. 2 and 3.) 


Sangdak La Khegatse 
6198 m 


5. The Tertiary and Quaternary of Tange-Kehami 


Mier the excursion to the Damodar Kund. we now study agai the Tertiary in the valles of Lange 
West of the village of Fange n shows on both sides of the fia thua SO dip her u : be 
southwest (phot, 58 and 59). At the northern river bank of the Fange Chii je ca at is We 
village we find an interesting. profile (he. £02: and phot. 59 and 60). Pas yi i e. ۱ ی‎ 
conglomerates, These are overlain by grey marly sandstones, which include marly d 15 ' ike : 
series follows formations of sandstones and conglomerates. the sanie type as above Ih i m ^ | ete 
of hahi-blue lacustrine shales divides the red sandstones On the top we tind the Ts NIT te 
series (simular to the Upper Srwaliks), interbedded bs marks and blue lacustrine haus DIE 


innatis on Tin Middle Tor 


Phot, SN Quaternary Ror Gracia and ۷ 
Hur 

Gat the southern river bank ef Pange € hun १ ym west ob Fange vallas? 

1 Pleistocene sandstones, lacustrine shales and chalk 

> Quaternary river gravels and conglomerates 

3 Middle । سكن‎ sandstones, maris and conglomerates 

॥॥॥९५७ series correspond te those given in np 107 and phot 594 

Ihe Middle Tertiary sandstones dip west and show a few hundred meters 


further west the tectonies given in phot 61 


Ihe above-mentioned succession of sediments is repeated ses eral umes. Consequently we may speak 
of excel. sedimentation. Phe dip of all those series is considerable, we measured 50) west. with a 
Strike nyae or tess due north (phot. 59), The cyclic sedimentation ts repeated five times, always sepa- 


1 (७१ "७ de ather by large conglomerate series 


IIS 


Fig. 102. Detail Sketch of the Tertiary E 
(right river hank of the Tange Chu, 2 km west W 
of Tange) 


(Compare also phot. 59, which shows the 
same exposure and phot. 60, which shows the 
marly coal of 3 below.) 


50 m 


T .uUu‏ تس 
Conglomerate 5  grcy marly sandstones 9 light blue lacustrine shale‏ | 
 arenaccous marl 6  conglomerate 10 large conglomerate series,‏ 2 
marly coal (within the marl) 7 red and brown sandstones interbedded with marls and blue‏ 3 
 conglomerate 8 red conglomerates lacustrine shales.‏ 4 


Phot. 59. Cyclic Sedimentation 

in the Tertiary 

(northern river bank of the Tange 
Chu. 2 Km west of Tange) 

The formations dip strongly west. 

(Compare lig. 102, which gives the 
hthologic details.) 
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At the southern river bank of the Tange Chu. | km cast of its confluence with the Kali Gandaki 
we can observe in the Tertiary an intensive tectonics, like thrustfaults, folds, overthrusts and faults 
۸۱۱ the axis of those structures strike north south. that is at right angle to the normal east-west strike. 
The tectonics are well visible in thickbedded marly sandstones with interbedded dark carbonous 
shales (phot. 61). The red sandstones are directly transgressed upon those formations horizontall 
under unconformity. ۹ 


Phot. 60. Marly Coal in the Middle 
Tertiary 
(as described of fig. 102 and phot. 59) 


A further unconform transgression can be observed at the western river bank of the Kali Gandaki. 
opposite of the confluence of the Tange Chu (fig. 103). Flat south-southwestern dipping conglomerates 
(Nagelfluh) transgress over steeper dipping blue and black shales and marly sandstones. The red series 
of sandstones appears to change gradually into the conglomerates. On the top occur horizontally 
bedded light-blue lacustrine shales and marly sandstones (fig. 103). 

A1 the eastern river bank of the Kali Gandaki and north of the confluence of the Tange Chu we 
again find thrustfaults in the Tertiary formations. Those strike 94 cast and have disposed the series of 
marly sandstones and marly coal (phot. 60) so that the southeastern part appears to have sunk. Recent 
river gravels transgress across the thrustfault (fig. 104). 

Near the confluence of the Kehami Chu with the Kali Gandaki we meet large morains, originated 
from the ancient glacier of the tributary valley of Kyugoma, which enters the Thakkhola at Kehami 
(fig. 105 and phot. 62). 
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Phot, 61. Tectonics in the Middle Tertiary Formations, 4 hm West of Tange 


Village 
| conglomerates 3 conglomerates 
2 white sandstones and marls 4 white sandstones, marls and shales 


The conglomerates of 3) have transgressed on a levelled surface of 4) 


Phot. 62. Tertiary and Quaternary at the Confluence af the Kvugoma Chu with 
the Kali Gandaki River 

(Sce also sketch fig. 105.) 

UM upper morain 

LM lower morain 


A totally different series of white and brown quartzite sandstones and arenaceous quartzites, and 
breccious quartzites transgresses upon the limestones. At 5000 m occur spotted slates €" Tüpfelschiefer" 
and "Stübchenschiefer") and spotted sandstones. Those are overlain by black shales wich reach right 
up thc summit of the Thakmartse (6171 m). The large series of black shale is interbedded by well-bedded 
quartzites and arenaccous quartzites, The whole series recall the flysch of the Alps and also to some 
extent the Saligram series, to which they might correspond regarding the age. Evidence for this con- 
clusion was found further north, where a continued connection between the Saligram series at the 
foot of the mountain with the black flysch at the top was observed (hg. 107 and 113; also plate ۰ 
fig. 2). 

The series of breccias, conglomerates and quartzites underlying the fossiliferous limestone might 
belong to the Permian. However. for the time being the existence of Rhetic formations below the ahove- 
mentioned Permian formations creates some problems. We shall deal with it on the following pages. 


Phot, 63. Folding and Fault in the Thak k hola Series on Thak martw 
(seen from the east) 


The fold (an overturned syncline) has been cut by the fault, whereby the north- 
ern portion has been lifted. (North is right side, south is left side.) 


! n addition. the valley of the Kyugoma Chu forms sull another important border hne: south of it. 
the formations are complete from Silurian right through to Jurassic, while north of the Kvugoma 
valley the Upper Cretaceous- Fertiary Mysch is transgressed directly on the Palaeozoic ermoidal hme- 
stone. [his latter zone must have been uncovered by the sea during a prolonged period, (Compare 
fig. 113 and profile I, plate HE) 

However itis well possible that the Mesozoic formations originally were complete and were totally 
eroded in the preliminary phase of the orogenesis. All the mountains at the western flank of the 
Thakkhola. from the Dhaulagiri right through to the Mustang Himal, show an astonishing. evenly 
and gently towards the north dipping plane (Giplelflur. phot. 46). This is undoubtedly an ancient ero- 
sional surface. Viewing those mountains from the opposite valley Hank (for example from Damodar 
Nup La (plate VIT. fig. 2 and 3. see phot. 57) or especially from airplane (phot. 46) one just cannot help 
to apply this interpretation. Fhe Dhaulagiri surmounts with ity 8172 m everything. The northern joining 
Tukuchatse (6915 m) is more than 1000 m lower. Up from here the level of the peaks (Cnpfeltlur) dips 
gradually and gently to 6100 m north of the Kyugoma Chu. but then rises again toward north for 
about 300 m to the Mustangtse (6474 m). It appears that the Kyugoma syneline is of ancient character. 
but possibly re-activated later on, His also expressed in the bend of the peak level. and moreover, 
indicates the real southern edge of the Tibetan Plateau. 

We have still other proves that the southern edge of the Libetan Plateau has during the Tertiary 
actively thrust towards the south. namely the intensive folding in the northern Hank of the Kyugoma 
valley (fig. 113. phot. 63 and plate VIL fig. 2). A well-visible thrustplane strikes along the whole, said 
mountain Nank towards the west, In general, this series gives a picture which is characteristic also for 
the Hysch in the Swiss Alps, both for lithology and tectonics. The thrustplane which strikes into the 
Kyugoma valley. rises towards the west. and gets thus gradually into higher formations, from Devonian 
to Upper Jurassic (compare geological map). 

In the upper part of this flysch we find pegmatites. Towards the north those pegmatiles increase 
in number and size and change gradually into the Mustang granite (fig. 113 and profile t. plate ۰ 
further plate VII, fig. 2). At the southern Hank of the Maharang valley the granites build the whole 
basement of the mountain range. Moreover, also peak 6262 m in the main ridge consists of granite 
(compare geological profile 1. plate H1 and geological map plate ۱۱ and plate VII. fig. 2). Again. the 
whole flank of this range is cul by a number of north. south striking transverse faults. 


Phot. 64. The Thakmar Senes at Thakmar Village 


Ihe lower portion consists of ice age ۵ material The upper part is built 
of red conglomerates, yellow and light blue sandstones and lacustrine shales. 


Phot. 65. The Tramgression of 
Suligram Series upon the Mesozou 
(n the valley 3 km west of Thakmar) 
Im  Fhakmur series {moraine 


material) 
s Saligram series 
(Upper Paleocene) 
TB Transgression breccia ML 


Ml. marly Jimestone (Rhetic) 

ld Triassic dolomite 

Rw Rauhwacke (cellular dolomite) 
The breceia hes transgressed under 
angle unconformity. 


The Mesozoic at this place consists of dolomite, marly dolomite. coral limestone and blue and yellow marly slates. 
Terebratulas, ammonites and a waltzia species were found at this rock exposure 


dolomite. The comprehensive interpretation, however. counts rather fora Triassic facies (corresponding 
to the Keuper in the Alps). for. further west quartzites and black slates of the Saligram series join the 
Violet shales under right-angle unconformity (fig. 111), Further west. climbing in the small valley. we 
lind a series of black slates. intersected by pegmatites. dipping in general towards the east. This series 
is intensively faulted and thrust (fig. II). A folded quartzite series overlies these slates and along 
a transverse (north south) fault. the whole skue formation ts situated side by side to the earlier-men- 
tioned Palaeozoic limestone. The upper portion of the slates also reaches into the top of those Palaeozoic 
limestones. Concluding we see that the black slates originating trom the Saligram series at the eastern 
foot of the mountain connects continuously into the large Cretaceous-Eocene (Thakkhola series) 
covering the mountain range north of the Kyugoma valley. Consequently. the uppermost Cretaceous 
(include the Paleoceno are transgressed directly upon the Palaeozoic. 
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9. Karr Gömpa 


It seems, that from here on towards the north. the stratigraphic proliles get more complete again. 
On the flat saddle near the Karr Gömpa we were able to determine in the exposed rocks: Hoplites 
(Berriasiella). Callisto (Portlandian); Exogyra virgula (Kimmeridge); Pseudo virgatites spec. (Port- 
landian); Cosmoceras Theobaldi (Maestrichtian); Perisphinctes Bononsiensis (Portlandian). 

Northwest of the Karr Gómpa (Gómpa Buddhist monastery) we find again "staircase" trans- 
verse faults. They are especially well-visible in the Triassic dolomite. The latter contains here larger 
masses of the intruded Mustang granite (fig. 112). 

The Karr Chu has cut an extraordinary gorge into the mountain range (5 km south of Karrtse 
(6297 m)]. The basement of the Karrtse consists of massive granite (fig. 113). The upper part is built of 
the dark Cretaceous flysch series, intersected by numerous pegmatites. However, underneath the granite 
occur again sediments. These are Jurassic limestones and slates and strike towards the north like fingers 
as far as the middle between peak 6261 m and Mustangtse (6476 m). 

The structures north of the Karr gully are flatly warped with a syncline 1 km south of peak 
6297 m. the axis of which strikes west-northwest (fig. 113). A flat anticline appears 4 km south of 
Mustangtse (6476 m) and a last anticline just north of the same peak (plate VII, fig. 2). 

All the mentioned structures show a considerable axial pitch towards the west-northwest. The 
pitch increases further north. as can be recognized in the most distant peaks. lying in Tibet (fig. 113). 


Phot. 66. The Main Transverse Fault in the Thakmar Vallev 
TB transgression breccia 

R Rhetic (marly limestone) 

Td Triassic dolomite 


The Mesozoic formations are generally horizontal. The strong eastern dip (in 
the picture to the left side) is apparent only. This is just clivage caused by thc 
steeply eastern dipping main transverse fault system. Some parcels between 
partial faults have turned the dip strongly west at 1) and stecply cast at 2). 


pos 


on the most distant peak northwest of Tinglibho e granite is covered apa 

are thick-bedded limestones which might . ی‎ eri a ie 
The transverse. gully of Karr has still a further significance: The massive limestone occ 

north of the trench is like cut; in vain we search for the southern continuation, Instead — me 

site of them granites. Those correspond apparently to the overlying granites north of th c Ka vil 

On the granites south of the Karr Chu we find the black Cretaceous-Tertary flysch वाळ ie d 

deposited on the granite. (Compare fig. 113 further geological map plate Ii and का proli 1 


Phot. 67. Polygenic Breccia 

in the Thakmar Valley 

Components of siliceous dolomite 
are bedded in arenaceous limestone, 
dolomites and fine-grained breccias. 
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Ihe synclinal zone of the Tehatse (6010 m) at the eastern Hank (plate VH. fig. 1) appears to corre- 
spond to the Karr syncline(fig. 135). Theanticlinorium of the Damodar Himal Tange valley corresponds 
to the large anticline zone between Kyugoma valley and Keha Lungpa valley with Khegatse and Keha- 
mitse (compare plate VI, fig. 2 and 3). However, the respective axis docs not quite coincide (he. 135). 

However, also in this central part of the Thakkhola the difference in the tectonies between the 
western flank and the castern flank is striking. While at the western mountain range, between the 
Kyugoma valley and the Keha Lungpa valley we have one single regular anticline of great magnitude 
(plate VI. lig. 2and 3) there is a number of anticline structures at the opposite side of the valley. corres- 
ponding to the large western anticline, namely the Tange anticline tig. 100). the Narsing anticline 
(fig. 99) and the Tetang anticline (tig. 98 and 114). Furthermore, while the axis of the western anticline 
(we may call it the Samar anticline) strikes due west-southwest. the above-mentioned eastern antichnes 
strike east-southeast west-northwest (fig. 135). Furthermore. the three mentioned anticlines are not so 
simple compared with the western one. It appears that the Manaslu arc, which strikes in northwest 
southeast direction and has pushed towards the southwest shows its influence right into the Thakkhola. 
(Compare also map of the structures and faults. given in lig. 135 and 136.) 


Phot. 68. View from the East into the Samar Valley 

[he big terrace consists of moramic material. It has been deposited in a valley 
cut into the Upper Tertiary conglomerates. In the gully at right side occurs 
the transgression of the Lower Tertiary upon the Palaeozoic formations. (Com- 
pare fig. 115.) 


The main transverse fault strikes along the foot of the high wall, which con- 
sists ol Palacozoic formations reaching from probably Pre-Cambrian gneisses 
right up to Carboniferous 


Khegatse 
6198 m Kore lia 


4191 m 


Phot. 69. View into the Northern Part of the Thakkhola trom the Rule Fast 
of Jomosom 
(Compare plate VIL, fie. 4.) 


At this place a number of Triassic and Rhetic fossils were found. 


At the eastern flank of the Kali Gandaki valley the Saligram series have their southern houndary 
also in the same section (fig. 122 and plate VI. fig. 3). The last respective occurrence was found $ km 
southwest of Muktinath, dipping west in the same sense as the underlying Rhetic limestones (fig. 78). 
From this locality they continue on the edge of the terrace north of the Lupra valley up to a point | km 
northwest of the Lupra village (fig. 122 and plate VI. fig. 2 and 3). Greensands. quartzites and black 
slates are overlying the Saligram series at this locality as was seen also in fig. 78. The dip of these 
Tertiary formation is generally north, however with a narrow anticlinal structure. which is overturned 
towards the south. The strike is generally southwest-northeast. The structures of the Tertiary do 
not coincide with those in the underlying Mesozoic. which consists of Triassic and Rhetic formations. 
The latter are intensively folded. with predominant steeply erected and narrow-pressed anticlines. 
Especially just north of the Lupra valley. 1.5 km south of Kagbeni we found already in 1952 heavily 
folded Rhetic marly limestones with the characteristic transverse clivage. In general the Tertiary at 
the eastern flank of the Kali Gandakt and north of Lupra dips west with axial pitch towards the west. 
Concluding we see that this is the fact at the whole castern flank of the Thakkhola. right through to 
Tinglibhote (plate VII. fig. 1). South of the Lupra Chu no Tertiary formations occur (plate VII. fig. 
3 and 4). 

Thus. arrived at the southern border of the Tertiary formations. we are now able to recognize the 
whole size of the Tertiary filling of the Thakkhola Graben: Its southern limit is situated in the section 
of Dangarjong- Lupra (phot. 46 and 69. and plate VII. fig. 2 and 3). From here towards the north the 
Tertiary Thakkhola basin extends as far as little north of Mustang, that is a length of 40 km (plate VII. 
fig. 1). The maximum width of the Tretiary basin can be measured in the section of Tange, where it has 
13 km. Near Muktinath the width extends to 11 km only. ۱ 

The dimensions of the Tertiary Thakkhola basin are of some importance for the economic geo- 
logy: The natural gas at Muktinath. nourrishing the permanent sacred Name may have its origin ın 
Petroleum. which might occur in the Upper Cretaceous and Lower Paleocene in and underneath the 
Middle Paleocene Saligram series. Concidering the longitudinal section given in profile V plate IV we 
mas hove a fault trap. possibly in connection with a stratigraphic trap. 
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Ihn Nup Nilgiri 
Ihorungise ۸ Thinitse la Shartse Nilgut Nuptse Nilgiri | 1015० 
6444 m 6۱50 m 7148 m 7031 m 6728 m 


Phot, O. The Southern Part ot the Thakkhola tram Thorunetse to the South 
Including the Nilgiri Group 
Gierial photo from 5000 m above Tukuchar 


Note the outstanding heht of the Annapurna range compared. with the 
“Cupfelfur” of the mountuns north of it, The large fold in the Nilgiri group ts 
well-expressed. (Compare ñu. 128, and plate VI, fig. 4.) 


4. Jomosom-Tukucha 


The eastern Hank of the Kali Gandaki valley. opposite of Syang. shows an extraordinary com- 
plicated structure (fig. 128). The above-mentioned Triassic dolomites of the Jomosom syncline are 
followed towards the south in a normal succession by the Permian quartzites, conglomerates and 
slates. then the Carbonilerous formations with the vellow-band series. The latter show an increasing 
southern dip which gradually changes to vertical position and finally turns to normal steep northern 
dip. These latter series forma much thrust-faulted and sliced anticline (the Marpha anticline, see fig. 135). 
which shows still the direction of the forces towards the north. The Carbonilerous series contain peg- 
matites. which partly are involved in the folding. partly cross the beds under oblique angle upwards, 
This anticline corresponds to the Marpha anticline of the western flank of the Kali Gandaki valley. 
South of the Thint Chu occur Devonian limestones (fig. 128). which also show folding and slicing 
towards northern direction. The overlying Carboniferous with the yellow-band series is especially 
heavily folded (fig. 129). These series contain pegmatites. Opposite Marpha the Devonian limestones 
form a Hat anticline (he. 130). Separated by black Carboniferous slates follow three further Devonian 
Schuppen. all of them thrust towards the north in a reverse sense, The lowest one of those Schuppen 
shows in its upper part a folding towards the south (fig. 130). 

Ihe Marpha anticline strikes through the Thini valley eastwards right to the main watershed 
between the Kali Gandaki and the Marsyandi (lig. 135 and 128). The axial rise to the cast is so strong. 
that even the Permian formations strike out into the air in the Syang anticline (fig. 128 and plate VI. 
lig. 4) 

१ syneline. the Thin sy neline. follows to the south, with a wedge of Jurassic limestones as filling 
ton Thing Sup La. he. 128). Ihe series from this svncline to the south right to the أن يرانك‎ the 
Annapurna range are a normal succession consisting of Lower Jurassic limestones. I dolomites, 
Permian slates and quartzites, vellos band series and slates of the Carboniferous and finally the Devo- 
man limestones with the net pattern of clays and marks. Che dip is generally to the south: the whole 
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Nalgırı Shartse Annapurna | 
7148 m NO7K nı 705 m 


Phot. "1 The Annapurna Group Seen rom the West 
taersal photo from $009 m above lub uch! 

(Compare geological panorama given ın plate VI. ik di 
The photographs 70 72 form an almost panoramie view 


series reversely overturned towards the north. This is caused by a huge reverse fold in the northern 
flank of the Nilgiri (fig. 128 and phot. 70 and plate VI fie. 2 and 4). The Devonian and Silurian 
limestones are in the Nilgiri group tectonically accumulated to a huge thickness of 3 km. This is usual 
in the Schuppen zone just north of the crystalline nappe roots, They build in the Nilgiri à large reverse 
anticline in the northern Nank of the main ridge which extends from Nilgiri Shartse (7148 mito Nilgiri 
Nuptse (7031 m) (phot. 70; plate IL. profile 4; plate VI. fig. 2410 4). This anticline is called the Neiri 
anticline (lig. 135). Further south in the ridge between Nilgiri Nuptse (7031 m) and Nilgiri Lhotse (6726 m) 
the Devonian formations form a flat syncline (plate VI, fig. 4 and phot. 70 and 71). This syncline is 
called the Tukucha syncline (sce fig. 135). 


RI river terraces 

US Upper Jurassic 

LI Lower Jurassic 

R Rhetic 

Ir ۷۸ 

P Permian 

( Carbonilerous 

D Devonian 

Pg Pegmatites 
(within the 
Carboniferous 
formations) 

Jos Jomosom syne’ 

Mas Marpha anti 


जु Nuptse 7031 
शी” 

Thini Nup Lo 

Thinitse Thini Lhotse 


Jomosom Peak 


Jomosom 


Iw 1% Din basten Llank of the Kali Gandaki Valley opposite to Syang Marpha 


fhe shekli shows the reversely (northerly) folded series of. Palacozoic and Mesozoic Formations: Due to distortion 


Ie n dye extending from the Nilgiri range towards the north appears less inpressie than it really is 
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South of Nilgirt L.hotse (6728 m) the Devonian limestones dip north and overlie the Silurian lime- 
stones, slates and quartzites with the underlying crystalline (fig. 131 and phot. 71), 


In the northwest ridge ol Nilgiri Shartse (7148 m) the Tri 


ic dolomite which joins to the south 


a 


in the Thini syncline continues right down the Thini valley as far as 4000 m (plate VI, fig. 3 and 4). 


Fig. 129. Detail Sketch of the Tectonics in the 

Carboniferous at the Eastern Flank of the Kali 

Gandaki Vallev opposite to Marpha. 

C Carboniferous 

YB ycllow-band series (within the Upper 
Carboniferous) 

D Devonian 

The tectonics is well expressed by thc yellow- 

band series. These formations contain peg- 

matites, which partly cross the folds and partly 

are involved in the folding. 


The Silurian limestones build the barrier southwest of Tukucha (opposite to Larjung). This shows 
a transverse structure in form of a transverse anticline, with axis north-south (plate Vl, fig. 4 and 
phot. 2). In addition we find in this zone especially well to see from airplane---a number of transverse 
faults and fractures (see phot. 2) which all strike north south. The transverse anticline does not sur- 
prise. since we have such structures in all the main Himalayan transverse gorges. The faults and 
structures are the southern continuation of the Thakkhola Graben faults. They extend still further 


south. as we shall see later on. 


Annapurna I 7205 m 


Ulleri pass 


Phot. 72. The Kali Gandaki Gorge with the Western Hank of the Annapurna 
(aerial photo trom 4500 m above Ghasad 
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Phot. 73. The Dhaulagiri (8172 mi, Seen from the East (aerial photo) 


(Compare fig. 132.) 


In general, we find a huge syncline between the Tukuchatse and the Dhaulagiri, the Dhaulagiri 
suncline (fig. 135). for towards the Dhaulagiri the dip changes to normal northern direction (phot. 73). 
The ridge. just north of the Dhaulagiri glacier (which flows down into the Tukucha basin) shows the 
most southern reverse fold. It appears to be Carboniferous, which is intersected by swarms of granites 


and pegmatites (fig. 132. phot. 73). 


Fig. 132. The Eastern Flank of the Dhaulagiri Group with the Tukucha Basin 
The Silurian and Devonian formations are tectonicalls piled up to an excessive thickness. The Tukuchatse (6915 m) 


is built by à overturned syncline (reverse) with Carboniferous filling. 
The Dhaulagiri Schuppe is separated by a thrustplane [rom the basement, with an angle unconformity along the 


thrustplane. 
For the structure of the Dhaulagiri upper part compare also phot. 73. 
P Permian D Devonian 
Lud Carboniferous (on Dhaulagiri summit possibly s Silurian 
Permo - Carboniferous) PG paragneiss (in the Dapa valley) 


G Eranite-gneiss of the topmost Katmandu nappe, pegmatites reach up on Dhaulagiri to 5400 m 


ER Tukuchatse 


6915 
7 
8172 North Col ; 
AYE | 
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Phor. 73. The Dhaulagiri (8172 ms, 
Seen from the Northwest 


The summit is built by the well-hedded and northern dipping Permo-Carboni- 
ferous formations. 
The snow-covered ndege crossing the whole picture from right to belt connects 


5 


Little Dhaulagiri (7751 m) via trench Col with the Tukuchatse (6915 ۰ 
This ridge is built bx Devonian and Carboniterious formations, which arc 
dipping south and form a reverse fold (right side of the pictures, 

The Mukut valley is seen in the foreground. The soucrounding mountains of 
this valley are built bx Mesozoic. formations, which are reversely folded. 
(Compare geological map plate H) 


The bold peak of Dhaulagiri (8172 m) itself might consists of Permo-Carboniferous formations. 
| mos dec from the tectonics as well as from a rocksample, which kindly was handed over to 
á ' embers of the successful Swiss Dhaulagiri expedition (1960). 
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एक हिमाली दृश्य, पूर्वी नेपाल, वि.सं.२०२५ 


PLANCHE 1. Népal central, basse Marsyandi (alt. 650 m). Les parcelles irriguées pour la culture 
riz sont installées sur les terrasses de la riviére. Seuls quelques arbres fourragers ou à signi 
tion religieuse subsistent le long des diguettes. Quelques banquettes non irriguables occupent 
les parties les moins en pente du versant. Le reste est couvert d'une forét tropicale claire à 
Shorea robusta parcourue par le bétail. En arriére, au Nord, caché par les nuages se trouve le 
massif du Manaslu, (Les quatre photographies ont été prises par C. JEST en novembre-décembre 
1971 au cours de la mission J.F. DonnEMEZ - C. Jesr, dans la région du Manaslu). 


PLancne II. — Moyenne Marsyandi, Tagring (alt. 1650 m). La zone subtropicale a une population 
trés dense. Les foréts ont complétement disparu et il ne reste que de rares terrains de parcours 
pour le bétail à la limite supérieure des cultures (foréts et landes à Schima wallichii et Casta- 
nopsis indica). Les cultures principales sont le riz, limité aux rares parcelles irriguables, l'éleu- 
sine, le mais et en hiver le blé. Les versants sont soumis à une érosion trés forte. 
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Fıcure 2. Plan of the Patan 
Darbar Square. 
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2 Cyäsing-devala (Krsna) 
(A.D. 1723) 

3 Sundari-chok (A. p. 1647) 

NN + Bhandarkhal (A.D. 1647) 

5 Mul-chok Taleju (A.D. 1666) 

6 Mul-chok (a.v. 1666) /Yantäju 

7 Taleju bell (A.D. 1737) 

8 Bhäidevala (Visvanätha) 
(A.D. 1678) 

9 Sankara-Näräyana (A.D. 1706) 

10 Site of destroyed ägamachem 
(A.D. 1679) 

11 Taleju (a.p. 1671) 

12 Nasal-chok 

13 Degutale (3.0. 1661) 

14 Yoganarendra portrait pillar 
(A.p. 1693) 

15 Narasimha (A.D. 1589) 

16 Narayana (A.D. 1652) 

17 Cara Näräyana (A.D. 1566) 

18 Caukot/Lunyhyä (A.D. 


1734) 
19 Krsna 'Garudadhvaja (A.D. 
1637) 
20 Visvesvara (A.D. 1627) 
21 Manimandapa (A.D. 1701) 
22 Manidhärä (A.D. 570) 
23 Candikä 
24 Ganesa 
25 Simhadhvaja (A.D. 1707) 
26 Bhimasena (५.०. 1680) 


Ficure 3. Plan of the Bhaktapur Darbar Square and Taumadhi-tol. 


1 Western gateway of the palace 
compound 

2 Jagannatha firtha (one of the 
Char Dhäm) (between 
1696 and 1721) 

3 Rämesvara firtha 

+ Kedarnätha sirtha 

5 Badrinätha firtha 

6 Site of destroyed Vasantapura 
pavilion 

7 Bhandarkhal and tank 

8 Siva 


9 Kumári- ( Eta-)chok 

10 Malati- (Jiswa-)chok 

11 Mul-chok, Taleju temples 

12 Thanthu Darbar ruin (4.0. 
1678) 

13 Golden Fountain (A.p. 1678) 

14 Bhairava- (Sadasiva-)chok 

15 Golden Gate (A.D. 1753) 

16 Bhüpatindra Malla portrait 
pillar 

17 Taleju bronze bell (५.०. 1737) 

18 Vatsaladevi 


19 Yaksesvara (ca. A.D. 1480) 

20 Site of destroyed octagonal 
pavilion 

21 Fifty-five Window Darbar 
(between a.v. 1696 and 1721) 

22 Siddhilaksmi (५.०. 1696) 

23 ۵۲ 

24 Siva temple ruin 

25 Hari-Sañkara temple ruin 

26 Nyätapola (५.०. 1702) 

27 Bhairava (A.D. 1717) 

28 Tilamädhava 
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Ficure 4. Plan of a Newar 
village, showing the distribu- 
tion of house-lined streets alter- 
nating with open squares, 
gardens, and ponds. The linear 
pattern is imposed by the ridge 
that this village, Kirtipur, 
occupies. 
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FIGURE 5. Elevation and section of a typical Newar farmhouse, showing construction and space 
allocation. 


Figure 6. Section of a Newar village, illustrating how basic 
residential units are joined to become quadrangles. 
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Ficure 7. Typical traditional home of a well-to-do Newar family; clevation, section, and 
plans. 
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FicurE 8. A palace quadrangle: Sundari-chok, Patan Darbar, a.v. 1647; elevation, section, and plans. 
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Ficure 9. A royal pavilion: Vasantapura/Nautale, Hanuman Dhoka, 
Kathmandu; section and partial plans. 
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Fıcure 10. A typical monastery quadrangle of the H type: Chusya-bahal, Kathmandu, a.p. 1663; elevation, 
section, and plans. 
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Ficure 11. Comparison of three types of monastery quadrangle, a) bahä, b) bahi, and c) baha-bahi: Chusya-bahal, 
Kathmandu, Duntu-bahil, and Nauddha-bahal, Patan; clevations, sections, and plans. 
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